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METHODS OF USING PYRIMIDINE-BASED ANTIVIRAL AGENTS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Application Serial No. 60/269,778, 
5 filed 02/16/01 and is related to U.S. Application Serial No. 09/757,291, filed January 8, 
2001, which claims the benefit of U.S. Application Serial No. 60/176,000, filed January 
12, 2000; and is related to U.S. Application Serial No. 09/249,641, filed February 12, 
1999, which is a continuation-in-part of U.S. Application Serial No. 60/075,005, filed 
February 17, 1998, the disclosures of which are incoiporated by reference herein. 

10 

FIELD OF THE INVENTION 
The field of the invention relates to methods of using substituted pyrimidine 
compoimds to treat and suppress diseases associated with human cytomegalovirus 
infection. The subject methods are particularly usefiil in treating and suppressing 
IS cardiovascular disease and organ transplant rejection associated with human 
cytomegalovirus infectioa 



BACKGROUND OF THE INVENTION 
Cytomegalovirus (CMV) is a member of the herpes virus &mily. Other well- 

20 known members of the herpes virus family include, for example, h^es simplex virus, 
types I and n, ^pstein-Barr virus and varicella zoster virus. Tliese viruses are related 
taxonomically, but each manifests in a clinically distinct manner. In the case of CMV, 
medical conditions arising fit>m congenital infection include jaundice, respiratoxy distress 
and convulsive seizures which may result in mental retardation, neurologic disability or 

25 death. Infection in adults is frequently asymptomatic, but inaymaidfest as 

mononucleosis, hepatitis, pneumonitis or retinitis, particularly in immunocompromised 
patients such as AIDS sufferers, chemotherapy patients, and organ transplant patients 
undergoing tissue rejection therapy. 

A variety of drugs have been developed to treat herpes virus infections, 

30 including naturally occurring proteins and synthetic nucleoside analogs. For example, the , 
natural antiviral protein interferon has been used in the treatment of herpes virus 
infections, as have the nucleoside analogs cytosine-arabinoside, adenine-arabinoside. 
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iodoxyuridine and acyclovir, which is presently tfie treatment of choice for herpes 
simplex type n infection. 

Unfortunately, drugs such as acyclovir that have proven sufficiently effective 
to treat infection by certain herpes vimses are not sufficiently effective to treat CMV. 

5 Additionally, drugs currently used to treat CMV infection, such as 9-((l,3-dihydroxy-2- 
propoxy)methyl)guanidine (ganciclovir, DHPG), which inhibits viral DNA synthesis, 
phosphonoformic acid (foscamet), cidofovir and the antisense agent fomivirsen, lack the 
acceptable side effect and safety profiles of the drugs approved for treatment of other 
herpes viruses. Moreover, such drugs are ineffective to treat certain strains of CMV that 

10 have acquired drug resistance. Thus, despite advances in the development of anti-herpes 
virus drugs, tiiere xemains a need for tfa^r^eutic agents effective in treating CMV 
infection with an increased safety margin. 



SUMMARY OF THE INVENTION 

1 5 The present invention provides mediods of using substituted pyrimidine 

compounds and compositions for treating or preventing diseases, particularly diseases 
associated with CMV infection. In particular, the present invention provides methods for 
treating or preventing cardiovascular disease, including, but not timited to, atherosclerosis 
and restaiosis, and organ transplant rejection associated with CMV infection. 

20 U,S, AppUcation Serial No, 09/249,641 andPCTPubUcationNo. 

W099/41253 describe pyrimidine derivatives for the treatment of viral infections, and 
U.S. Application Serial No. 60/176,000 describes certain salts of pyrimidine derivatives 
which have properties suitable for clinical use for the treatment of viral infections. The 
present invention contemplates the use of these and other pyrimidine derivatives in the 

25 described methods. 

The compounds of the invention have the general formula (I): 




I 

in which X represents -NR^R*, -OR^ -SR^ aryl, aUcyl or arylalkyl. The letter Y represents 
30 a covalent bond, -N(R*^-, -O-, -S-, -C(=0)- or an alkylene groiq). R' and R* are 



2 
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independently selected fiom hydrogen, alkyl, -0-alkyl, -S-alkyl, aiyl, aiylalkyl, -O-aryl, - 
S-aryl, -NO^, .NR'R^ -C(0)R^ -CO^R^', -CCONR'R" -N(R')C(0)R', -NCR^CO^R", 
-N(R^C(0)NRV, -S(0)J^'R^ -S(0)Jl', -CN, halogen, and -N(R')S(0) Jl". The 
groups R^ and R^ are independently selected from hydrogen, alkyl, aryl or arylalkyl, or, 
5 when X is -NR^R\ R^ and R"* are combined to form a 5-, 6- or 7-membered aromatic or 
nonaromatic ring containing from one to three heteroatoms in the ring. R^ and R* are 
independently hydrogen, alkyl, aryl or arylalkyl. R^ and R* are each independently 
hydrogen, alkyl, aryl or arylalkyl, or, when attached to the same nitrogen atom can be 
combined with the nitrogen atom to form a 4-, 5-, 6- , 7- or 8-membered ring containing 

10 fix)m one to three heteroatoms in the ring. R* and R*^ are independently selected from 
hydrogen, alkyl, aryl and arylalkyl. R" is selected from alkyl, aiyl and arylalkyl. The 
subscript m is an integer of fipom 1 to 2 and the subscript n is an integer of from 1 to 3. 

In addition to the above descriptions of R' to R'\ the formula above is meant 
to represent a number of compounds in which a second ring is fiised to the pyrimidine 

15 ring. For example, R' can be joined to R^R' can be joined to R\R^ can be joined to 
N\the nitrogen atom at the 3-position of the pyrimidine ring), R' can be joined to M', 
can be joined to N'(the nitrogen atom at the 1-position of tfie pyrimidine ring) or R^ can 
be joined to to form a fused or 7-membered ring. 

Unless otherwise indicated, the conq>ounds provided in the above formula are 

20 meant to include phaimaceuticaliy acceptable salts and prodrugs thereof. 

Other objects, features and advantages of &e present invention will become 
apparent to those skilled in the art fiom the following description and claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 provides the structures of exemplary compounds of formula Ha. 

Figure 2 provides the structures of exemplary compounds of formula lib. 
Figure 3 provides flie structures of exemplary compounds of formula He, 
Figure 4 provides the stmctures of exemplary compounds of formula Ed. 
Figure 5 provides the structures of exemplary compounds of formiila He. 
30 Figure 6 provides the structures of exemplary compounds of formula Of, 

Figures 7-16 provide synthesis schemes for exemplary compoxmds of 
formulae Ila-IIf and also selected transformations for functional groves present on the 
compounds. 
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Figure 17 provides the structures of compounds used in radiolabeling studies. 

Figure 1 8 shows the binding of radiolabeled compounds to viral specific 
protein. Tritiated compounds bind covalently to a 1 10-kD viral specific protein that 
appears at 48 h post infection. Phosphoimager generated images of radiolabeled infected 
5 cell proteins separated by SDS polyacrylamide gel electrophoresis are shown. Panel A: 
Time course analysis (24-96 h) of radiolabeled proteins ftom HCMV infected or 
uninfected cells in the presence of 0.1 ^ CH)-d, Panel B: Pattern of radiolabeling in 
uninfected (UI) cells and in cells infected for 72 h with HCMV (I) and treated with either 
0.01 pM CH)-d or 0.02 pM CH)-17. Protem X, the 1 10-kD viral specific protem, is 
10 indicated by the airows. Panel C: Pattern of radiolabeling of cytoplasmic and nuclear 
extracts prepared fi"om HFF cells infected for 96 h with wild type HCMV (rHCMVLUC) 
and labeled with eith^ 0.5 \M CH)-d or 0.5 CH)-25 J. Varying amounts (5-50 pL) 
of the (^H)-d labeled or M (^H)-25.3 labeled extracts were analyzed. X and the arrow 
indicate protem X, &e 1 10-kD viral specific protein. 

15 Figure 19 shows the reaction of UL70 peptide antibodies with viral specific 

protein. Protein X, the molecular target of CH)-d is a viral specific nuclear protein that is 
immunoprecipitated with antibodies to UL70 and UL105. Panel A: A phosphoimager 
generated image of a Westem blot with antiserum gOTerated to a 30-amino acid peptide 
fi-om the predicted amino acid sequence of the UL70 open reading frame. Extracts fix>m 

20 High Five cells infected with a control baculovirus (control lysate) or baculovirus 

expressing the CMV UL70 protein lacking the first N-terminal 100 amino acids (ANUL70 
lysate) were subjected to SDS polyacrylamide electrophoresis in 4-20% gradient gels. 
The gel-sq)arated proteins were then transferred to nitrocellulose and probed with either 
prdmmune serum (Panel 1) or antismmi raised to the UL70 peptide (Panel 2). At a 

25 1:10»000 dilution of UL70 antis^imi (Panel 2)> a strong signal at about 85 kD was 

observed only in extracts fix)m cells infected with baculovirus that expresses the truncated 
UL70 protein (Ab, antibody). Panel B: Uninfected cells and cells infected with. 
rHCMVLUC at an MOI of 5 pfii/cell for 72 h were treated with CH)-d. Extracts firam 
theses cells were subjected to SDS polyacrylamide electrophoresis in 4-20% gradient 

30 gels. The gel-separated proteins were then transfored to nitrocellulose, exposed to Fuji 
* tritium detection plates, and analyzed with a phosphounager. A CH)-d labeled, 1 10-kD 
protein Q>rotein X), was detected by phosphoimaging and is shown in Panel 2. The same 
filter was then probed with UL70 antiserum, and the Westem blot is shown in Panel 1 . 
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UL70 can be detected in infected cells, and the UL70 antibody signal comigrates exactly 
with the f H>d labeled, 1 lO-KD viral specific protein X (Ab, antibody). Panel C: 
Phosphoimager generated image of cytoplasmic and nuclear extracts prepared from HFF 
cells infected with wild type HCMV (rHCMVLUC) and labeled with (^H)-d. Varying 
5 amounts (5-60mL) of the CH)-d labeled extracts were subjected to SDS polyacrylamide 
gel electrophoresis in 10% gels. The gel-separated proteins were transferred too 
nitrocellulose filters and exposed to Fuji plates for the detection of tritiiun. Panel 1 shows 
a titration of the cytoplasmic extract fiom 8 x 10^ HFF cells; Panel 2 shows a titration of 
the corresponding nuclear extract from the same 8x10^ cells. A single nuclear specific 
10 ('H)-d labeled prx)tem is detected at 1 10 kD (Panel 2); Panel 3 (IPs) shows 

phosphoimager generated images of the same nuclear extracts shown in Panel 2 
immunoprecipitated withUL70 specific antibodies (70ab), UL105 specific antibodies 
(lOSab) or UL70 preimmune s^rum (pis). The arrow identifies the protein X (UL70 
primase)at UOkD. 

15 Figure 20 shows the amino acid sequence of the Towne strain (HCMV) UL70 

open reading frame showing the three point mutations identified in 1 -resistant virus. The 
positions and nature of the point mutations contained in the UL70 protein of the 1- 
resistant virus are indicated. The virus contains three single base pair mutations. Valine 
5 1 1 is mutated to isoleucine by a G to A change at the first base of the codon. Proline 

20 571 is mutated to a serine by a C to A change at the first base of the codon. Isoleucine 
692 is mutated to a phenylalanine by an A to T change at the first base of die codon. The 
boxed regions indicate the five domains in herpesvnus primases. The asterisk at residue 
570 indicates a cysteine residue that is a potential site of covalent modification by the 
drug. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations and Definitions 

The abbreviations used herein are conventional, unless otherwise defined. 
The terms " treat" , " treating" and " treatment" refer to a method of 
30 alleviating or abrogating a disease and/or its attendant symptoms. 
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The terais "prevent", "preventing'* and "prevention" refer to a method of 
barring a subject from acquiring a disease. As used herein, "prevent", "preventing" and 
"prevention" also include reducing a subject's risk of acquiring a disease. 

The term " disease associated with CMV infection" is meant to include any 
5 disease, disorder, dysfunction and the like, in which CMV infection contributes, directly 
or indirectly, to the pathogenesis thereof For example, CMV infection may produce 
immunologic responses that cause endothelial injury and precipitate atherogenesis. 
Exemplary diseases associated with CMV infection include, but are not limited to, 
cardiovascular disease, such as atherosclerosis and restenosis, organ transplant associated 
10 atherosclerosis and oigan transplant rejection. 

The term "CMV mfection" refers to the invasion and replication of 
<r/tomegalovurus (CMV) in cells or tissues. CMV infection may be determined by 
measuring CMV antibody titer m samples of a biological fluid, such as blood, using, 
enzyme immunoassay. Other suitable diagnostic methods include molecular based 
IS techniques, such as RT-PCR, direct hybrid capture assay, nucleic acid sequence based 
amplification, and tiie like. CMV may infect an oigan, eg., kidney, liver, heart, lung, eye 
and brain, and cause, eg., nq>hritis, hq>atitis, myocarditis, retinitis and encephalitis, 
respectively. 

The term "therapeutically efifective amounf refers to that amount of the 
20 compound being administered sufiBcient to prevent development of or alleviate to some 
Gxtent one or more of the symptoms of the disease being treated. 

" Cardiovascular disease" , as used herdn, refers disorders of tiie heart and/or 
blood vessels and includes, but is not limited to, aneurysm, atherosclerosis, 
cardiomyopathy, congestive heart failure, coronary arteiy disease, hypertension, 
25 ischemia/reperfiision, restenosis and vascular stenosis. Excess lipid accumulation in the 
arterial walls, which forms plaques that mhibit blood flow and promote clot formation, is 
the primary cause of cardiovascular disease. In vascular grafts and transplanted organs, 
cardiovascular disease is often accelerated. 

"Organ transplant rejection" , as used herein, refers to a process leading to the 
30 destraction or detachment of a transplanted organ, such as a heart, kidney, lung, liver, 
pancreas, bowel, bone marrow and the like, or a combination thereof^ e.g., heart-lung, or 
the destruction or damage of certain host organs. Rejection is caused by reaction of the 
host's immune cells to the transplanted organ(s) or bone marrow as foreign, and/or 
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reaction of the donor's immune cells to the recipient as foreign. Rejection may be acute 
or chronic. The transplanted organ or bone marrow may be an allograft, f.e., fix)m a 
genetically non-identical member of the same species, or a x^ograft, bom a member 
of different species, a porcine heart valve. 
5 The term **immvmocompromised condition'* refers to any condition in which 

the subject has decreased immune function relative to normal. Immimocompromised 
conditions include acquired conditions and hereditary conditions. 

The term "electrophilic moiety*' refers to a chemical group that is electron 
deficient and is reactive with chemical groups having an excess of electrons, as 

10 commonly understood in the art. Exemplary electrophilic moieties include, but are not 
limited to, isothiocyanate, maldmide, haloacetamide, vinylsulfone, benzylic halide, 
electron-deficient aromatic rings, such as nitro-substituted pyrimidine rings, and the like. 

The term modulate" refers to the ability of a compound to increase or 
decrease the catalytic activity of a primase. A modulator pref^ably activates the catalytic 

1 5 activity of a primase, more preferably activates or inhibits the catalytic activity of a 

primase depmding on the concentration of tiie compound exposed to the primase, or most 
preferably inhibits the catalytic activity of a primase* 

The term "modify" refers to the act of altering or altering in part, the 
structure of a molecule, eg*., a protein. Modification may be covalent or noncovalent, and 

20 includes, but is not limited to, aggregation, association, substitution, conjugation and/or 
elimination of a chemical group. Modification may alt^ the fimction or other properties 
chemical, physical) of the molecule. 

The term '*alkyl," by itself or as part of another substituent, means, unless 
otherwise stated, a straight or branched chain or cyclic hydrocarbon radical or 

25 combinations thereof; which may be fiilly saturated, mono- or polyunsaturated and can 
include di- and multi-radicals, having the number of carbon atoms designated (Le. CpCg 
means one to eight carbons). Examples of saturated hydrocarbon radicals include straight 
or branched chain groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
isobutyl, sec-butyl, homologs and isomers of, for example, n-pentyl, n-hexyl, n-hq)tyl, 

3d n-octyl, and the like. Other saturated hydrocarbon radicals include cyclopropylmethyl, 
cyclohexylmethyl and the like. An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl groups include vinyl, 2- 
propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl), 
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ethynyl, 1- and S^ropynyU 3-butynyI, and the higher homologs and isomers. The term 
"alkyl," mdess otherwise noted, is also meant to include those derivatives of all^l 
defined below as heteroalkyl, alkylene, heteroalkylene, cycloalkyl and heterocycloalkyl 
Typically, an alkyi group will have fiom 1 to 24 carbon atoms, with those groups having 
5 10 or fewer carbon atoms being preferred in the present invention. The term ** alkylene" 
by itself or as part of another substituent means a divalent radical derived from an alkane, 
as exemplified by -CHjCHzCH^CHj-. A " lower alkyl" or " lower alkylene" is a shorter 
chain alkyl or alkylene group, generally having eight or fewer carbo^i atoms. Unless 
otherwise indicated, the alkyl groups can be unsubstituted or substituted by the 

10 substituents indicated below. 

The term "heteroalkyl," by itself or io combination with another term, means, 
unless otherwise stated, a stable straight or branched chain radical consisting of the stated 
number of carbon atoms and from one to three heteroatoms selected from the group 
consisting of O, N, Si and S, and wherein the nitrogen and sulfur atoms may optionally be 

IS oxidized and the nitrogen hetecoatom may optionally be quatemized Theheteroatom(s) 
O, N and S may be placed at any intmor position of the heteroalkyl group. The 
heteroatom Si may be placed at any position of the heteroalkyl group, including flie 
position at which the alkyl group is attached to the remainder of the molecule. Examples 
include -CHj-CHj-O-CHj, -CH2-CH2-NH-CH3, <3l2-CHj-N(CH3)-CH3, -GHj-S-CHa- 

20 CH3, -CH2-CH2-S(0)-CH3, -CH2-CH2-S(0)2-CH3 , -CH=CH-0-CH3, -Si(CH3)3, -CHj- 
CH-N-OCH3, and -CH=CH-N(CH3)-CH3. Up to two heteroatoms may be consecutive, 
such as, for example, <H2-NH<)CH3 and -CH2-0-Si(CH3)3. The term "hetCToallQrlene'' 
by itself or as part of ano&er substituent means a divalent radical derived from 
heteroalkyl, as exemplified by -CHj-CHj-S-OijCHj- and -GHj-S-GH^-CHj-NH-CHa- 

25 The terms "cycloalkyr and "heterocycloalkyr, by themselves or m 

combination with other temas, represent, unless otherwise stated, cyclic versions of 
" alkyl" and " heteroalkyl" , respectively. Examples of cycloalkyl include cyclopentyl, 
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Examples of 
heterocycloalkyl include l-(l,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3- 

30 piperidinyl, 4-morpholinyl, 3-moTpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 
tetrahydrothien-2-yl, tetrahydrothien-3-yl, l-piperazinyl, 2-piperazinyl, and the like. 

The terms "halo" or "halogen," by tiiemselves or as part of another 
substitumt, mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. 
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Additionally, terms such as ^fluoroalkyl,'* are meant to include monofluoroalkyl and 
polyfluoroalkyl. More particularly, the term " fluoroalkyl" also includes p^uoroallgrl, 
in which each hydrogen present m an alkyl group has been replaced by a fluorine. 

The term " aryl/* employed alone or in combination with other terms (e.g., 
5 aiyloxy, aiylthioxy, arylalkyi) means, unless otherwise stated, an aromatic substituent 
which can be a single ring or multiple rings (up to three rings) which are fused together or 
linked covalently. The rings may each contain from zero to four heteroatoms selected 
from N, O, and S, wherein the nitrogen and sulfiir atoms are optionally oxidized, and the 
nitrogen atom(s) are optionally quatemized Non-limiting examples of aryl groups 

10 include phenyl, 1-naphthyl, 2-naphthyl, biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3- 
pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-fiiryl, 3- 
fiuryl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyI, 4-pyrimidyl, 5- 
benzothiazolyl, puiinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinoIyl, 2- 

15 quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of the 
above noted aiyl ring systems are selected from the gjcoup of acceptable substituents 
described below, 

Ais used herein, the term '*bicyclic fused aryl-cycloalkyl" refers to those 
groiq)s in which an atyl ring (or rings) is fused to a cycloalkyl groiq) (including 

20 cycloheteroalkyl groups). The groiq) can be attached to the remainder of the molecule 
fhrougih eiflier an available valence on the aryl portion of the group, or an available 
valence on fhe cycloalkyl portion of the group. Examples of such bicyclic fiised aryl- 
cycloalkyl groups are: indanyl, benzotetrahydrofiuanyl, benzotetrahydropyranyl and 
l,2,3,4-tetrahydronq)hthyL 

25 Each of the above terms (e.g., "alkyl" and "aryl" and "bicyclic fused 

arytcycloalkyr ' ) will typically include both substituted and unsubstituted forms of the 
indicated radical. Preferred substituents for each type of radical are provided below. In 
the case of radicals containing both aryl (including heteroaiyl) and alkyl (including, for 
example, heteroalkyl, cycloalkyl, and cyclohetax)alkyl) portions, each of the portions can 

30 be substituted as indicated. 

Substituents for the alkyl groups (including those groups often referred to as 
alkenyl, heteroalkyl, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, 
and heterocycloalkenyl) can be a variety of groups selected from: -0R\ =0, =NR', 
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=N-OR\ -NR'R", -SR\ -halo, -SiR'R^R'", -OC(0)R', -CO2R', -CONR'R", 
-OC(0)NR'R", -NR"C(0)R', -NR".C(0)-OR% -NH-C(NH2)=NH, -NR'CCNHaHNH, 
-NH-C(NH2)=NR', -S(0)R\ -SiO)J^\ -S(0)2NR'R" , -CN and -NOj in a number 
ranging from zero to (2N+1), where N is the total number of caibon atoms in such radical. 
5 R', R*' and R'" each independently refer to a hydrogen or Cl-ClO alkyl group. 

Preferably, a substituted alkyl group will have from one to six independently selected 
substituents. More preferably, a substituted alkyl group will have from one to four 
independently selected substituents. Nevertheless, certain substituted alkyl groups (eg,, 
perfluoroalkyl) will have a fidl 2N + 1 substituents (where N is the number of carbon 

10 atoms in a saturated allgrl group). Examples of substituted alkyl groups include: 
-C(0)-CH3. -C(0)CH,OH. .CHj-CH(C02H)-NH2 and -Si(CH3)2-CH2.C(0).NH2, 

Similarly, substituents for the aiyl gjcoups are varied and are selected from: 
-halo, -OR\ -OC(0)R\ -NR'R", -SR\ -R% -CN, -NOj. -COjR', -CONR*R", 
-OC(0)NR'R", .NR"CXO)R', -NR"-C(0)-OR', -NH<XNH2)=NH, -NR'C(NH2)=NH, 

15 -NH-C(NH2)=NR\ ^S(0)R', ^iO)jBi\ .S(0)2NR'R" , -N3, -CH(Ph)2, perfluoro(Cr 

C4)aIkoxy, and perfhioro(C|-C4)alkyl, in a number ranging from zero to the total number 
of open valences on the aromatic ting system; and where R' and R" are mdependently 
selected from hydrogai, (Ci-CB)alkyl, aryl, aryKCj-CJalkyl, and aiyloxy-^Ci-CJalkyl. 

Two of the substituents on adjacent atoms of the aiyl ring may optionally be 

20 replaced with a substituent of the formula -T-CCOHCBJ.-U-, wherein T and U are 

indq>endently -NH-, -0-, -CHj- or a single bond, and the subscript s is an integer of from 
0 to 2. Alternatively, two of the substituents on adjacent atoms of the aryl ring may 
optionally be replaced with a substituent of the formula -A-(CH2)p-B-, wherein A and B 
are independently -CHj-, -0-, -NH-, -S-, -S(0)-, -8(0)3-, -S(0)2NR'- or a single bond, and 

25 p is an integer of from 1 to 3. One or more of the single bonds of the new ring so formed 
may optionally be replaced with a double bond. Alternatively, two of the substituents on 
adjacent atoms of the aryl ring may optionally be replaced with a substituent of the 
formula -(CH2)q-Z-(CH2X-, where q and r are independently integers of from 1 to 3, and Z 
is -0-, -NR'-, -S-, -S(0)-, -S(0)2-, or -S(0)2NR'-, The substituent R* in -NR'- and 

30 -S(0)2NR'- is selected from hydrogen or (C,-Q)alkyl. 

As used herein, the term "heteroatom" is meant to include oxygen (O), 
nitrogen (N), sulfiir (S) and silicon (Si). 
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The tenn "^phannaceutically acceptable salts" is meant to include salts of the 
active compounds which are prepared witibi relatively nontoxic acids or bases, depending 
on the particular substituents found on the compoimds described herein. When 
compounds of the present invention contain relatively acidic functionalities, base addition 
5 salts can be obtained by contacting the neutral form of such compounds with a sufficient 
amount of the desired base, either neat or in a suitable inert solvent. Examples of 
pharmaceutically acceptable base addition salts include sodium, potassium, calcium, 
ammonium, organic amino, or magnesium salt, or a similar salt When compounds of the 
present invention contain relatively basic functionalities, acid addition salts can be 

10 obtained by contacting the neutral form of such compounds with a sufiScient amount of 
the desired acid, either neat or in a suitable inert solvent. Examples of phamiaceutically 
acceptable acid addition salts mclude those derived &om inorganic acids like 
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric, 
monohydiogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, 

IS hydriodic, or phosphorous acids and tiie like, as well as the salts derived fiom relatively 
nontoxic organic acids like acetic, propionic, isobutyric, oxalic, maleic, malonic, benzoic, 
succinic, suberic, fumaric, mandelic, phlhalic, benzenesulfonic, p-tolylsulfonic, citric, 
salicylic, tartaric, methanesulfonic, and the like. Also included are salts of amino adds 
such as argmate and tiie like, and salts of organic acids like glucuronic or galactunoric 

20 acids and the like (see, for example, Berge, et ah (1977) J. Pharm. Sci.^ 66:1-19). Certam 
specific compounds of the present invmtion contain both basic and acidic fimctionalities 
that allow the compounds to be converted into either base or acid addition salts. 

The neutral forms of the compounds may be regenerated by contacting the salt 
with a base or acid and isolating the parent compound in the conventional manner. The 

25 parent form of the compound differs fiom the various salt forms in certain physical 

properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the 
parent form of the compound for the purposes of the present invention. 

In addition to salt forms, the present invention provides compounds which are 
in a prodrug form. Prodrugs of the compounds described h^ein are those compounds that 

30 readily undergo chemical changes under physiological conditions to provide the 
compounds of the present invention. Additionally, prodrugs can be converted to the 
compounds of the present invention by chemical or biochemical methods in an er vivo 
enviromnent. For example, prodrugs can be slowly converted to the compounds of the 
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present invention when placed in a transdermal patch reservoir with a suitable enzyme or 
chemical reagent Prodrugs are often useful because, in some situations, they may be 
easier to administer than the parent drug. They may, for mstance, be bioavailable by oral 
administration whereas the parent drug is not. The prodrug may also have improved 
5 solubility in pharmacological compositions over the parent drug. A wide variety of 

prodrug derivatives are known in the art, such as those that rely on hydrolytic cleavage or 
oxidative activation of the prodrug. An example, without limitation, of a prodrug would 
be a compound of the present invention which is administered as an ester (the "prodrug"), 
but then is metabolically hydrolyzed to the carboxyUc acid, the active entity. Additional 
10 examples include peptidyl derivatives of a compound of the invention. 

Certain compounds of the present invention can exist in unsolvated forms as 
well as solvated forms, including hydrated forms. In general, the solvated forms are 
equivalent to unsolvated forms and are intended to be encompassed within the scope of 
the present invention. 

1 5 Certain compounds of the present invention possess asymmetric carbon atoms 

(optical centers) or double bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are all intended to be encompassed within the scope of the present 
invention. 

The compounds of the present invention may also contain unnatural 
20 proportions of atomic isotopes at one or more of the atoms that constitute such 

compounds. For example, flie compounds may be radiolabeled with radioactive isotopes, 
such as for example tritium f IQ, iodine-125 or carbon-14 ("Q. All isotopic 
variations of the compounds of the present invention, whether radioactive or not, are 
intended to be encompassed within the scope of the present invration. 

25 

General 

A number of studies have demonstrated an association between CMV 
infection and the development of cardiovascular disease, in particular, atherosclerosis and 
restenosis, which share the same pathology of cardiovascular endothelial injury, 
30 Atherosclerosis, or the progressive narrowing and hardening of the arteries over time due 
to injury or dysfunction of endothelial and/or smooth muscle cells. In response to such 
injiuy or dysfunction, lipid accumulation and plaque formation occurs, preceded and 
accompanied by inflammation. The plaques formed can inhibit blood flow and promote 
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clot fonnation, ultimately causing heart attacks, stroke and claudication. Restenosis is the 
re-narrowing and/or hardening of a blood vessel that can develop following a procedure, 
such as balloon angioplasty, aimed at opening the blood vessel. For example, CMV DNA 
has been detected in atherosclerotic lesions (Mehiick et aL (1993) Eur. Heart J. 14(Suppl. 

5 K):30-38 and Horvath et aL (2000) J. Clin, Virol 16:17-24) and restenotic lesions (Speir 
et aL (1994) Science 265:391-394 and Zhou et aL (1996) New Engl J. Med. 335:624- 
630). Also, there is evidence that human CMV increases modified LDL uptake and 
scavenger receptor mRNA expression in vascular smooth muscle cells (Zhou et aL (1996) 
/. Clin, Invest. 98:2129-2138). CMV infection has been shown to increase the neointimal 

10 response to vascular injury without consistent evidence of direct infection of the vascular 
wall (Zhou et aL (1999) Circulation 100:1569-1575). More recently, the effects of 
chronic non-vascular CMV infection on the neointimal response to experimental vasctilar 
injury has been demonstrated (Zhou et aL (2000) Cardiovasc, Res. 45:1019-1025). 



15 rejection m transplant recipients (see, e.g., Grattan et aL (1989) JAA£A 261:3561-3566). 
For example, CMV infection is associated with the development of accel^ed 
arteriosclerosis in cardiac allografts (Koskmen et al. (1996) Clin. Transplant, 10(6 Pt 
l):487-493); bronchiolitis obliterans in lung allografts (Bando et aL (1995) J. Thorac. 
Cardiovasc. Surg. 110:4-14); hepatic artery thrombosis (Madalosso et aL (1998) 

20 TransplanUUion 66(3):294-297) and tran^lant renal art^ straosis (Pouria et aL (1998) 
Q. J. Med. 91:185-189). Evidence suggests that prevention or tha:apy of CMV infection 
could increase the chances of graft survival in transplant recipients. 



CMV infection has also been associated with graft atherosclerosis and 



Embodiments of the Invention 



Compounds 

In one aspect, flie present invention provides methods of using conqraunds of 



general formula (I): 
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in which X represents -NR^R^ -0R^ -SR\ aiyl, alkyl or arylalkyl- The lettCT Y rqwiesents 
a covalent bond, -N(R% -0-, -S-, -C(=0)- or an alkylene radical. Preferably, Y is 
-N(R*)- or -0-, in which is as defined below. More preferably, Y is -N(R^)-, For those 
embodiments in which Y is an alkylene radical, Ae alkylene radical will typically have 
5 from 1 to 8 caibon atoms in the chain, with alkylene groups having from 1 to 3 caibon 
atoms being preferred. 

R' and are independently selected from hydrogen, alkyl, -0-alkyl, -S-alkyl, 
aryl, arylalkyl, -Oaryl, -S-aiyl, -NO^, -NR'R^ -C(0)R^ -CO^R^^ -C(0)NR'R* - 
N(R')C(0)R^ -NCR^COjR", -N(R^C(0)NR'R', -S(0)„NR'R', -S(0)X -CN, halogen, 

10 or -N(R^S(0) Jl", in which R^ R^ R^ R^^ and R" are as defined below. 

In one group of preferred embodiments, R* is an electron-wiflidrawing group 
and R^ is an electron-donating group. Within this group of embodiments, R* is preferably 
-NO2, -S(0) J^R'R^ -S(0)X, -CN, halogen, fluoroalkyl, -C(0)R^ -COjR*^ or 
. -C(0)NR^^ More preferably, R' is .CF3, -NO^ , -CN, -S(0) JJR^\ or -CO^R'^ with 

15 -NO2 being the most preferred. The R^ group is preferably hydrogen, lower alkyl, 

-0-alkyl, -S-alkyl, aryl, arylalkyl, -0-aryl or -S-aiyl. More preferably, R^ will be methyl, 
etfiyl, n-propyl, isopropyl, methoxy, ethoxy, propoxy, mefhoxymethyl, methylthio, 
ethylthio or propyllhio. 

In another group of preferred ^bodiments, R' is an electron-donating group 

20 and R^ is an electron-withdrawing group. Within this group of embodiments, R' is 
preferably hydrogen, lower alkyl, -O-alkyl, -S-aDcyl, aiyl, arylalkyl, -O-aiyl or -S-aiyL 
More preferably, B} is methyl, ethyl, n-propyl, isopropyl, methoxy, ethoxy, proposy, 
methylthio, ethylthio or propylthio. The R^ group is preferably -NO2, -S(0)„NR^*, - 
S(0)„R', -CN, halogen, fluoroalkyl, -C(0)R^ -CO^R*^ or -C(0)NR'R*. More preferably, 

25 R^ is -CF3, -NO2 , -CN, -S(0) J«l^R' or -C02R'^ with -NOj being the most preferred. 

The groups R^ and R^ are independently hydrogen, alkyl, aryl or arylalkyl, or, 
combined to form, a S-, 6- or 7-manbered ring containing from one to three heteroatoms 
in file ring. In one group of preferred embodiments, R^ and R'* are combined to form a 5- 
or 6-membered ring. The rings defined by R^ and R^ and the nitrogen atom can be 

30 ' saturated, unsaturated or aromatic, and can contain additional heteroatoms. Examples of 
suitable rings include: pyrrolidine, pyrrole, pyrazole, imidazole, imidazoline, thiazoline, 
piperidine, morpholine, and the like. In certain preferred embodiments, R^ and R* are 
combined to form a 5-membered ring containing two nitrogen atoms, preferably an 
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imidazole ring, and most preferably a 2-alkyliinidazol6 ring or a S-alkylimidazole ring. 
Particularly preferred X groiq)s are 2-methylimida2oHyl, 2,4-dimethylinudazol-lyl, 2- 
etiiylimidazol-lyl, 2-propylinudazoHyl, 2-isopropylimidazoHyl and S-mefhylimidazol- 
lyL 

5 The group is an alkyl, aryl, arylalkyl or bicyclic fused aryl-cycloalkyl 

group. Preferred alkyl groups are those having ftom one to eight carbon atoms, either 
substituted or unsubstituted Preferred aryl groups include substituted or unsubstituted 
phenyl, pyridyl, or naphthyl. Preferred arylalkyl groiq)s include substituted and 
unsubstituted benzyl, phenethyl, pyridyhnethyl and pyridylethyl. Particularly preferred 

10 groups are phenyl, 4-halophenyl, benzyl, n-butyl, propionyl, acetyl and methyl. When 
Y is -N(R% other preferred R^ groups are those in which R^ is combined with R^ to form 
a nonaromatic ring, preferably a include substituted or unsubstituted 1-piperidinyl ring, a 
substituted or unsubstituted 4-moipholinyl ring or a substituted or unsubstituted 1- 
pyrrolidinyliing. 

IS Still otfaCT preferred R^ groii^s (including some of the preferred fused bicyclic 

aiyl-cycloaUgrl groups) are selected ftom: 
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In one group of particularly preferred embodiments, is a radical selected 
from the group consisting of: 




5 
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In another group of particularly preferred embodiments* is a radical 
selected fix>m the groi^) consisting of: 



oc oz. 




The above group of radicals is meant to include those radicals having a 
5 mixture of stereochemistry as well as pure isomers and enantiomers (those having less 
than about S% of ano&er diastereomer or enantiomer, more preferably less &an about 2% 
of another isomer, and most preferably less than about 1% of anoflier isomer).The 
group is typically hydrogen, alkyl, aryl or arylalkyl. Preferably, R^ is hydrogen, a lower 
alkyl group having &om one to ^ee carbon atoms, aphenyl ring or aphenylalkyl group, 
10 such as, for example, a bCTzyl or a ph»ethyl group. 

In yet another groxq) of prefcanred embodiments, Y is -N(R^ 
combined with R^ to form a group selected fix>m the group consisting of: 



R R R 

R« 

R^2 r12 
/ ^ S 19 ^ ^ $ 12 ^ ^ J 

R^2 

and the like. 

15 R' and are each independently hydrogen, alkyl, aryl or arylalkyl, or, 

combined to form a 4-, 5-, 6-, 7- or 8-membered ring containing from one to three 
heteroatoms in the ring. Preferably, R^ and R^ axe each independently a (C|-C8)a]kyl 
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group, or are combined to form a 5-, 6-, or 7-membCTBd ring. and R" are 
independently selected from hydrogen, alkyi, aryl and arylalk^ In preferred 
embodiments, R' and R'^ are independently selected fiom hydrogen, (C,-C8)al]Qrl, phenyl 
and phenyl(CrC4)alkyl. R*' is alkyl, aryl or aiylalkyl, preferably, (C,-C8)alkyl, phenyl 
5 and phenylCCi-CJalkyl. R*^ is alkyl, preferably (C,-C4)alkyl, more preferably (C,- 
C3)alkyl, and even more preferably methyl 

In addition to the above descriptions of R^ to R^^, the present formula above- is 
meant to represent a number of compounds in which a second ring is fixsed to the 
pyrinaidine ring, including structures in which one of the pyrimidine ring nitrogen atoms 

10 is at the ring jimction. For the discussion below and the claims, the nitrogens are 

individually referred to as follows: is the nitrogen atom at the 1-position of the ring 
(which is between the carbon atom bearing -R^ and the carbon atom bearing -Y-R^). VP is 
the nitrogen atom at the 3-position of the pyrimidine ring (which is the nitrogen atom 
between the carbon bearing -Y-R^ and the carbon atom bearing -X). Examples of fused 

15 rings are those in which R' is joined to R^ R^ is joined to R^ R^ is joined to N^ R^ is 
jomed to N^, R^ is joined to or R^ is joined to N' to form a fused 5-, 6-, or T-mraibered 
ring. The ring formed by these combinations will contain 1-3 heteroatoms (e,g„ 0, N or 
S) and can be either aromatic or nonaromatia Prefi^bly the additional ring formed is a 
5- or 6-membered ring. 

20 Whra R^ and R^ are combined to form a ring, the combination can be rq>laced 

with a substituent of the formula -T-C(OHCiy,-U-, wherein T and U are independently 
selected fiom -NH-, -CHj- or a single bond, and the subscript s is an integer of from 
0 to 2. Alternatively, the R^ and R^ radicals can be replaced with a substituent of the 
formula'-A-(CH2)p-B-, wherein A and B are independmtly selected fix)m -CHa-, -0-, 

25 -NH-, -S-, -S(OK -S(0)2-, -S(0)2NR'- or a single bond, and p is an integer of fiom 1 to 3. 
One or more of the single bonds of the new ring so formed may optionally be replaced 
with a double bond. Alternatively, the R' and R^ radicals can be replaced with a 
substituent of the formula -(CH^^-ZriCHiX-, where q and r are independently integers of 
from 1 to 3, and Z is -O, -MR'-, -S-, -S(0)-, -S(0)r, or -S(0)2NR'-. The substituent R' 

30 in -NR'- and -S(0)2NR'- is selected fiom hydrogen or (CrQallgrl. 

The subscript m, in the groups above, is an integer of fiom 1 to 2, preferably 
2. The subscript n, in the groups above, is an integer of &om 1 to 3, preferably 2. 
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The compounds provided in the above fotmula are meant to include all 
phaimaceutically acceptable salts and prodrugs thereof.A number of substituent 
combinations on the pyrimidine ring are particularly preferred. In the following preferred 
embodiments, the substitutents X, Y and R* to R" are generally defined as above, 
5 One group of preferred embodiments has the formula (Ila): 




na 

In compounds of general formula Ila, R' is preferably -NO2, -CF3, 
-C(0)NR^«, -COjR**', -S(0)jNR'R', -S(0)jR', -C(0)R^ -SOiNHj. or -CN and R^ is 

10 preferably an alkyl group having fiom 1 to 8 carbon atoms. In the most preferred 
embodim^ts, the R^ and R^ groups are combined to form a S-membered ring which is 
optionally fused to an aryl group. Exanq)les of suitable S-membered ring groups (and 
those which are optionally fused to an aryl group) include pyrrolidine, pyrrole, imidazole, 
pyrazole,b^izimidazole, imidazoline, l,2,4-triazol6, 1,2,3-triazole, imidazolidin-2-one, 

IS and the like. More prefoably, the R^ and R^ groups are combined to form an imidazole 
ring which is substituted or, optionally, is fused to an aryl group. Preferred substituted 
(and fused) imidazole rings include, for example, 2-methylimidazole, 2-ethylimidazole, 
2-isopropylimidazoIe, 2-aminoimidazole, 5-methylimidazole, 5-ethylimidazole, 
S-isopropylimidazole, 2,5-dimethylimidazole, benzimidazole, and 2- 

20 methylbenzimidazole. The R^ and R^ groups are independently selected from hydrogen, 
alkyl, aryl and arylalkyl, or can be combined to form a ring which is optionally fused to 
an aryl group. Figure 1 provides exemplary structures of compounds within this preferred 
group of embodiments. 
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Anottier gfovp of preferred embodiments are represented by the formula 

(Hb): 

s nb 

In tbis fonnula, the fused ring containing R' and is typically a heterocyclic 
ring in which fbs -R'-R^- gmap is selected fiom, for exanq>le, -S(0)2NR'C(0)-, 
-S(0)iNR'C(0)NR''-, -NR*S(0)2NR"C(0)-, -C(0)NR'C(0)-, -NR'C(0)NR"C(OK 
-NR'C(S)NR"C(0)-,-NR'C(S)NR*'C(SKinwhichR' andR" are independently 

1 0 hydrogra or (Ci-C^alkyl. The R^ and R'* groups are preferably combined to &nn a S- 
monbered ring which is optionally fosed to an aryl group. More preferably, the R^ and R'* 
groups are combined to form an imidazole ring which is optionally fused to an aryl gcoap. 
The R^ and R^ groups are independently selected fiom hydrog^ alkyl, aryl and arylalkyl, 
or can be combined to form a ring which is optionally fused to an aryl group. Figure 2 

1 5 provides exemplary structures of compounds within this preferred group of embodiments. 

Yet another ffovcp of preferred mbodiments is represented by the formula 

(nc): 




no 

20 hi Has formula, Ihe divaleat radical -R'— R'- is typically an alkyloie group, 

-C(0)NR*C(0)-. -C(0)NR'S(0)2- or -S(0)iNR*C(Oh m which R* is a hydrogen or lower 
all^l group. Pteforably, R' and R^ will each indep»idaitly be an alkyl group, more 
prefoabty a lower aU^l gmup. Hie R' and R' groiqis are independently selected fix>m 

20 
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hydrogen, allgrl, aiyl and aiylalkyl, or can be combined to fonn a ring which is optionally 
fused to an aiyl group. Figure 3 provides exemplary stmctures of compounds within this 
preferred group of embodiments. 

Still another group of preferred embodiments are represented by the formula 

5 (Hd): 




nd 

In this formula, the fused ring portion defined by — R^— is typically a 
(C3-C5)allQrlene group, alkyleneamine group (e.g., -NHCHjCHjCHj-, -NHCH^CHz-), or a 

10 -NR'C(0)CH2- group, m which R' is hydrogen or a lower alkyl group. R* is typically 
.NO2, .S(0)2NR^R^ -S{0\R\ -CN, -CF3, -C(0)R', -C02R'° or .C(0)NR^l More 
preferably, R* is -NO2 , -CN, -CF3 or -COjR*^ with -NOj being the most preferred The 
R^ and groups are preferably combined to form a S-memb^red ring which is optionally 
fiised to an aiyl group. More preferably, the R^ and R^ groups are combined to form an 

IS imidazole ring which is optionally fiised to an aiyl group. The R^ and R^ grotq)s are 
mdependently selected firom hydrog^ alkyl, aiyl and arylallgrl, or can be combined to 
fi>rm a ring which is optionally fused to an aiyl group. The symbol X~ represents a 
suitable cbunterion for the quaternary nitrogen. Preferred counterions are those which 
form pharmaceutically accq)table salts. Figure 4 provides exemplaiy structures of 

20 compounds within this preferred group of embodiments. 
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Another group of preferred embodiments are represented by the formula(ne): 




ne 

In this fonnula, is preferably -NOj, -S(0)2NR^^ -S{0)JS.\ -CN, -CF3, 
5 'C(6)R^ -CO^R^' or -C(0)NR^\ More preferably, is -NO2 , -CN, -CF' or -C0^'\ 
with -NO2 being the most preferred. R^ is preferably an alkyl group having from 1 to 8 
carbon atoms. The R^ and R'* groups are preferably combined to form a 5-membered ring 
which is optionally fused to an aryl group. More preferably, the R^ and R"* groups are 
combined to form an imidazole ring which is optionally fused to an aryl group, R^ is 
10 preferably hydrogen, (Q-Cyalkyl, phenyl, or phmylalkyl. The fused ring portion defined 
by — R^— is typically a (C3-C5)alkylene group or a substituted alkylene group (e.g., 
•C(0)CH2CH2CH2-, -C(0)CH2CH2-), or a -NR'C(0)CH2- group, in which R' is hydrogen 
or a lower alkyl group. The symbol X~ represents a suitable counterion for the quaternary 
nitrog^ Preferred counteiions are those which form phaimaceuticaUy acceptable salts. 
15 Figure S provides the structures of exemplary conqK>unds of formula He, 

Yet another ffoup of preferred embodiments is represented by the fonnula 

(Hf): 




nf 

20 In this formula R" is preferably hydrogen, methyl or ethyl. Preferably, R^ and 

R^ are combined with the nitrogen atom to which R^ and R^ are attached to, form a ring 
selected from ttie group consisting of substituted or unsubstituted 1-piperidinyl, 
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substituted or unsubstituted 4-moipholmyl and substituted or unsubstituted 1-pynolidinyL 
Figure 6 provides exemplaiy structures of compounds vn&m this preferred group of 
embodiments. 



5 Compositions 

In another aspect, the invention provides pharmaceutical compositions which 
are suitable for pharmaceutical or diagnostic use. The compositions comprise compounds 
of formula I provided above, in combination with a diagnostically or pharmaceutically 
acceptable excipient The subject compositions are useful for treating diseases associated 

1 0 with CMV infection, such as atherosclerosis and restenosis, organ transplant rejection and 
pathologies associated with organ transplantation. The compositions are also useful for 
treatmg diseases produced by CMV infection, such as retinitis, mononucleosis, 
pneumonitis and hepatitis. Suitable pharmaceutically acceptable excipi^ts include sterile 
saline or other medium, water, gelatin, an oil, etc. . The compositions and/or compounds 

IS may be prepared in combination with any convenient carrier, diluent, etc. Useful carriers 
include solid, semi-solid or liquid media including water and non-toxic organic solvents. 

Solid form preparations include powders, tablets, pills, capsules, cachets, 
lozenges, troches, hard candies, powders, sprays, creams, suppositories, and dispersible 
granules. A solid carrier can be one or more substances which may also act as diluents, 

20 flavoring agents, binders, preservatives, tablet disintegrating agents, or an enra^ 
material. 

In po wd^ the carrier is a finely divided solid which is in a mixture with the 
finely divided active component. In tablets, the active component is mixed with the 
carrier having die necessary binding properties in suitable proportions and compacted in 

25 tiie shape and size desired. 

The powders and tablets preferably contain fiom S% or 10% to 70% of the 
active compound. Suitable carriers are magnesium caibonate, magnesium stearate, talc, 
sugar, lactose, pectin, dextrin, starch, gelatm, tragacanfh, methylcellulose, sodium 
carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term 

30 ^'preparation" is intended to include the formulation of the active compound with 

encapsulating material as a carrier providing a capsule in which the active component 
with or without other carriers, is surrounded by a carrier, which is thus in association with 
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it Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, 
cachets, and lozenges can be used as solid dosage forms suitable for oral administration. 

For preparing suppositories, a low melting wax, such as a mixture of fatty 
acid glycerides or cocoa butter, is first melted and the active component is dispersed 

5 homogeneously therein, as by stirring. The molten homogeneous mixture is then poured 
into convenient sized molds, allowed to cool, and thereby to soUdify. 

Liquid form preparations include solutions, suspensions, and emulsions, for 
example, water or water/propylene glycol solutions. For parenteral injection, liquid 
preparations can be formulated in solution in aqueous polyefliylene glycol solution. 

10 Aqueous solutions suitable for oral use can be prepared by dissolving the 

active component in water and adding suitable colorants, flavors^ stabilizers, and 
thickening agents as desired. Aqueous suspensions suitable for oral use can be made by 
dispersing the finely divided active component in water with viscous material, such as 
natural or synthetic gums, resms, methylcellulose, sodium caxboxymethylceUulose, and 

15 oiha: well-known suspending agents. 

Also included are solid form preparations which are intended to be converted, 
shortly before use, to liquid form preparations for oral administration. Such liqiiid forms 
include solutions, suspensions, and emulsions. These pr^arations may contain, in 
addition to the active component, colorants, flavors, stabilizers, bufG^, artificial and 

20 natural sweeteners, dispersants, thickens, solubilizing agents, and the like. 

The pharmaceutical preparation is preferably in unit dosage form. In such 
form the preparation is subdivided into unit doses containing impropriate quantities of the 
active component. The unit dosage form can be a packaged prqparation, the package 
containing discrete quantities of preparation, such as packeted tablets, capsules, and 

25 powders m vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, 
or lozenge itself, or it can be the appropriate number of any of these in packaged form. . 

The quantity of active component in a unit dose preparation may be varied or 
adjusted &om 0.1 mg to 1000 mg, preferably 1,0 mg to 100 mg according to the particular 
application and the potency of the active component The composition can, if desured, 

30 also contain other compatible therapeutic agents. 

The compositions may be advantageously combined and/or used in 
combination with agents usefixl in the treatment and/or prevention of atherosclerosis (e.g., 
cholestyramine used to reduce cholesterol) and/or restenosis, organ transplant rejection 
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sixolimus) and pathologies associated with organ transplantation, described herein. 
The compositions may also be advantageously combined and/or used in combination with 
agents useful m the treatment and/or prevention of pathologies associated with organ 
transplantation, such as lymphoproliferative disorders and thrombosis.. In many 
5 instances, administration of the subject compounds or compositions in conjunction with 
these alternative agents enhances the efficacy of such agents. Accordingly, in some 
instances, the present compoimds, when combined or administered in combination with 
anti-atherosclerotic and/or anti-restenotic agents and/or immunosuppressive agents, can 
be used in dosages which are less than the expected amounts when used alone, or less 

1 0 than the calculated amounts for combination therapy. 

Suitable agents for combination therapy include those that are currently 
commercially available and those fliat are in development or will be developed. 
Exemplary agents usefiil in the treatment of atherosclerosis and/or restenosis include 
antithrombotic agents, lipid lowering agents, calcium channel blockers, angiotensin 

15 converting enzyme (ACE) inhibitors, smootfi muscle growfli inhibitors and antioxidant 
agents. 

The compositions may also be advantageously combined and/or used in 
combination with antivkal agents useful in fhe treatment and/or prevention of the vkal 
infections described herein. The compositions may also be advantageously combined 

20 and/or used in combmation witii agents useful in the treatment and/or prevention of 
conditions oftoa associated wifli the viral infections described herdn, such as anti-HIV 
agents (described below), immunostimulatory agents (^.g^., vaccines) or 
immunostqipressive agents (e.g., cyclosporin, FK-S06 (tacrolimus) and rapamycin 
(sirolimus)). In many instances, administration of the subject compounds or compositions 

25 in conjunction with these alternative agents enhances the efScacy of such agents. 

Accordingly, in some instances, the present compounds, when combined or adnunistered 
in combination with antiviral or immunosuppressive agents, can be used in dosages which 
are less than the expected amounts when used alone, or less than the calculated amounts 
for combination therapy. Such combination therapy often is advantageous because a 

30 reduction in dose of one or more agents frequently results in a decrease in the adverse 
effects associated with the agent(s). 

While antiviral agents may be particularly suitable for the treatment or 
prevention of a particular viral disorder(s), practitioners skilled in the art understand that 

25 
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such agents fi^quently are useful in treating a range of viral-related disorders. Exemplaiy 
agents useful in the treatment of CMV include acyclovir, cidofovir, ganciclovir, 
valganciclovir, immunoglobulin (CMV-specific and unselected) and foscamet Other 
promising anti-CMV agents include (a) the nucleoside/nucleotide analogs valaciclovir, 
5 adefovir, dipivoxil and lobucavir; (b) the antisense agents fomivirsen, GEM 132 

(Hybridon), ISIS 13312 (ISIS) and (c) other therapies like benzimidavir and sevmmiab. 

Exemplary anti-HIV agents include (a) nucleoside analog reverse 
transcriptase inhibitors such as zidovudine (AZT), didanosine (ddl), zalcitabine (ddC, 
dideoxycytidine), stavudine (d4T), lamivudine (3TC), abacavir (1592U89), emtricitabine 

10 (FTC, Triangle Pharmaceuticals), BCH-10652 (BioChem Pharma) and the related 
nucleotide analogs (e.g^., PMPA (Gilead Sciences)); (b) non-nucleoside reverse 
transcriptase inhibitors such as nevirapine (NVP), delavirdine (DLV), efavirenz (DMP- 
266), emivuine (MKC-442), AG1549 (AgouronPhannaceuticals; PNU142721 
(Pharmacia), calanolide-A (Sarawak MediChem Pharmaceuticals); (c) protease inhibitors 

15 such as saquinavir (SQV), ritonavir (RTV), indinavir (IDV), nelfinavir (NFV) saquinavir 
(SQV), amprenavir (APV), 232,632 (Bristol-Myers Squibb), tipranavir, DMP-450 
(Triangle Pharmaceuticals), and lopinavir and (d) immune stimulators such as interleuldn 
2 (Chiron), Reticulose* (Advance Viral Research Corporation); Multikine* (Cel-Sci 
Corporation), and HIV-1 immunogen (bnmune Response Corporation). Other anti-HIV 

20 agents that may be used in conobination with the compounds and compositions of the 
present invention include IDV integrase inhibitors (e.g., AR-177 (Aronex 
Pharmaceuticals)), fusion inhibitors (e.g., T-20 (Roche)) and antisense drugs (e.g.^ 
HGTV43 (Enzo Ther^eutics)). 

Methods of Use 

25 In yet another aspect, the present invention provides novel methods for the 

use of the foregoing compounds and compositions. In particular, the invention provides 
novel methods for treatmg or preventing diseases associated with CMV infection, 
preferably cardiovascular disease, such as atherosclerosis and restenosis, and organ 
transplant rejection, including heart transplant rejection, kidney transplant rejection, lung 

30 * transplant rejection, liver transplant rejection and bone marrow transplant rejection, as 
known in the art The methods typically involve administering to a patient an effective 
formulation of one or more of the subject compositions. 
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In Still another aspect, the invention provides mettiods of using the subject 
compounds and compositions to treat disease or provide medicinal prophylaxis to 
individuals who possess a compromised immune system or are expected to suffer 
immunosuppressed conditions, such as patients prior to undergoing immunosuppressive 
5 therapy in connection with organ transplantation or anticancer chemother^y. These 
methods generally involve administering to the host an effective amount of the subject 
compounds or pharmaceutically acceptable compositions. 

The compositions and compounds of the invention and the phamiaceutically 
acceptable salts thereof can be administered in any effective way such as via oral, 

10 parenteral or topical routes. Generally, the compounds are administered in dosages 
ranging from about 2 mg up to about 2,000 mg per day, although variations will 
necessarily occur dq)ending on the disease target, the patient, and the route of 
administration. Preferred dosages are administered orally in the range of about 0.05 
mg^g to about 20 mg^g, more preferably hi the range of about 0.5 mg/kg to about 10 

IS mg/kg, most preferably m the range of about 1 mg/kg to about 5 mg per kg of body 
weight per day. 

It is beUeved that the compounds of the invention will block CMV replication 
by specifically modulating or inhibiting the activity of CMV DNA primase. CMV DNA 
primase regulates initiation of CMV DNA replication. Therefore, inhibition of CMV 
20 DNA primase wiU mhibit CMV DNA replication and render the virus unable to 
reproduce. 

While a precise understanding of the mechanism by which con^>ounds inhibit 
viral primase activity is not requued in ord^ to practice the present invention, it is 
believed that the compounds mteract with a cysteine residue of the CMV UL70 protein, 
25 which mediates CMV DNA primase activity. In particular, it is believed diat the 

compounds covalently modify cysteme residue 570 (Cysj^o) of a deleted amuio-ternunal 
sequence of UL70. 

Full length human CMV UL70 (SwissProt Accession No. P17149) has been 
described; see, e.g., "Chee et al (1990) Curr. Top, Microbiol Immunol. 15:125-169, and 
30 has the sequence shown in SEQ ID NO: 1 . Cys57o of the deleted amino-terminal sequence 
described herein corresponds to Cys^^ of the foil length sequence. 

The compounds possess an electrophilic moiety that is capable of reacting 
with a thiol group. Specifically, the compounds of the invention bind covalently to CySs7o 



27 



wo 02/064096 



PCTAJS02/04920 



of the CMV UL70 protein, and fliis binding is specific. Compounds contemplated by the 
invention include, but are not limited to, the exemplary compounds provided hereia The 
skilled practitioner can propose additional compounds possessing an electrophilic moiety 
that will react with Cys57o of UL70 in a similar manner. 

5 

Preparation of the Compounds 

The compounds of the present invention can be prepared using general 
synthesis schemes, such as those outlined in Figures 7-16. One of skill in the art will 
understand that the syntheses provided below can be modified to use different starting 
10 materials and alternate reagents to accomplish the desired transformations. Accordingly, 
the description below, the Figures and the reagents are all expressed as nonrlimiting 
embodiments. 

Briefly, the compounds of formula I, in which Y is -N(R'^)- can be prepared 
fix>m a variety of known pyrimidinediones. As^owninFigure7, thepynmidinedion6 

IS (f) can be convoted to the corresponding dichloride (ii) by treatment with reagents such 
as, for example, POClj. Treatment of ii wifli fiie desired amines (including heterocyclic 
amines) provides the target compounds, typically as a mixture of isomers (iii). Sq)aration 
of flie isomers can be accomplished by traditional methods such as column 
chromatography or HPLC. Altematively, it can be hydrolyzed to a mono chloro 

20 con[q)Ound (using, for example, sodium acetate, acetic acid, wat^ and ethanol) to provide 
(iv) v^ch upon treatment with a suitable amine, alkoxide or thiolate ion provides (v). 
Conversion of the 4-hydro3cy groiq) to a 4-chloro substituent and displacement with a 
suitably nucleophilic amiiie provides title targets (vi). 

A number of pyrimidinediones are commmially available and can be used as 

25 starting materials for the above transformations, including, for example, S-cyano-6- 
methyl-2,4-pyrimidinedione (vii), 6-methyl-2,4-pyrunidinedione-5-carboxainide (x), 6- 
methyl-2,4-pyrimidinedione-5-sulfonic acid (xv) and 6-methyl-5-nitro-2,4- 
pyrimidinedione. Bach of these compounds can be converted to target compounds of 
formula (Ua) as illustrated in Figure 8. For example, 5-cyano-6-methyl-2,4- . 

30 pyrimidinedione (vii) can be converted to a dichloride (viii) using reagents such as POCI3, 
then fiuther converted to target compoxmds (e.g., ix) upon treatment with amines R^-NH- 
R* (e.g., 2-methylimida20le) and R*-NH-R* (e.g., N-methylbenzylamine). 
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The caiboxamide group of 6-metfayl-2,4^yriimdinedionehS-carbpxamide (x) 
can be hydrolyzed to a caiboxylic acid (xi) with aqueous base and flien converted to an 
acid chloride (xU) with POCI3 (forming a trichloride). Stepwise addition of amines or 
other suitable nucleophiles provides the target compounds xiv). Similarly, a 
5 trichloride (xvi) is formied by treating 6-methyl-2,4-pyrimidinedione-5-sulfonic acid (xv) 
with chlorinating agents such as POCla. Again, the stepwise addition of amines or other 
suitable nucleophiles produces the desired target species (xviii). 

Yet another mettiod for die preparation of compounds of formula Ila is shown 
in Figure 9. Treatment of either a p-ketoester (xix) or an a-methylene ester (xxi) with 

10 base (e,g., sodium alkoxide) and an electrophile {e.g., an alkylating agent, acylating agent, 
sulfonylating agent, and the like) provides a suitably derivatized p-ketoester (xx) which 
can be converted to a pyriniidinone (xxiii) upon treatment with a substituted guanidine 
(xxil), typically in acid (acetic acid) with heating. The substituents in tiie 5- and 6- 
positions (R' and R^ respectively) are determined by the groups present on the 

15 derivatized P-ketoester. Chlorination of the pyrimidinone to produce (xxhr) and 
subsequent treatment with a nucleophilic mtrogen heterocycle (e.g., imidazole, 2- 
alkylimidazole, pyrrolidine, piperidine and the like) as well as other amines provides the 
target compounds of formula Ila. Substituted guanidines xised in this method of 
preparation can eith^ be obtained from commercial sources or can be prqiared by the 

20 treatmentof a secondary amine with cyanamide. Additional literature methods for the 
preparation of substituted guanidines are known to those of skill in the art. 

A number of transformations can be carried out to attach groiq)s to an 
unsubstituted position on the pyrimidine ring, or to modify existing groups (see Figure 
10). For example,, a 4-chloro substituent (presoit, for example, in xxv) can be displaced 

25 with ammonia to produce a 4-ariiinopyriinidine(e.g.,xxvi). Treatment of the primary 
amine with succinic anhydride provides (xxvil) which upon treatment witii acetic 
anhydride produces die succinimide compound xxviii (Figure lOA). Exocyclic amino 
groups can also be acylated using standard acylating agents as shown in Figure lOB. 
Metallation reactions can be carried out on pyrimidines which are unsubstituted in the 

30 6-position (Figure IOC). For example, a 5-nitropyrimidine derivative (xxxi) can be 

catalytically (Hj) or chemically (e.g., Fe/HCl) reduced to a S-aminopyrimidine derivative 
(xxxii) which is thra protected as a t-butyl carbamate (xxxiii). Treatment of the protected 
5-aminopyrimidine derivative with a metallating agent such as sec-butyllithium provides 
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a metallated intermediate (xxdv) \^ch can be acylated (xxxv), sulfonylated (sozvi) or 
alkylated (xxxvfi), as shown. Similarly (see Figme 1 ID), the pyrimidine derivative 
(xxxviii) can be metallated to produce intermediate (xxxix), then acylated (d), 
sulfonylated (xli) or alkylated (xlii). Introduction of functional groups at the 5-position 

5 can be accomplished using similar metallation chemistry on, for example, the pyrimidine 
derivative (xliil), to produce intennediate (xliv) which can be acylated (xlv), sulfonylated 
(xlvi) and alkylated (xlvii). 

Figure 1 1 A-1 ID provides synthesis schemes for several compounds which 
follow the general methods shown in Figures 7-9. For example. Figure 1 1 A illustrates the 

10 preparation of a substituted guanidine (0 fixjm a secondary amine (xlviii) and a 

chloroimidate (xlix) and the conversion of ethyl cyanoacetate (li) to the ketoester (Ui). 
Condensation of 1 and Ui produces the pyrimidinone (liiO which can be chlorinated to 
provide liv and then treated with an amine nucleophile (e.g., 2-methylimidazole) to 
provide the target Iv. Figure lOB illustrates a sunilar route in which ethyl acetoactate (Ivi) 

15 is acylated to provide the tricarbonyl compound (Ivii). Condensation of Ivii with the 
substituted guanidine (Iviii) provides the pyrimidinone (lix) which is converted to the 
target (Ix) using standard protocols. Figure 1 IC illustrates methodology m which a 
sulfonamide group is present in the starting material (Ixi) and the substituted guanidine 
(bdii) contains a nitrogen heterocycle. Accordingly, condensation of IxU and Ixiii 

20 provides the pyrimidinone (Ixiv) which is converted to the target (Ixv) using POCI3 (or 
other chlorinating agents) followed by reaction witii an amine nucleophile (eg., 1,2,4- 
triazole). Additiorially, &eg»eral methodology aUows the pr^aration of coinpounds 
having -0-Ar, -S-Ar, -Oallgrl and -S-allgrl groiQ>s at the 2-position of the pyrimidine ring 
(Figure lOD). For example, treatment of the ketoester (xx) with the substituted guanidine 

25 (Ixvi) provides the pyrimidinone Qxm) which can be chlorinated and condensed with R^- 
NH-R^ to provide bdx. Removal of the protecting groups yields the 2-ammbpyrimidine 
compound (Ixx). Diazotization and subsequent chlorination can be carried out using 
standard procedures to provide bed. Displacement of the chloride with either an oxygen- 
containing nucleophile or a sulfiir-containing nucleophile provides the target compounds 

30 Ixxii or Ixxiii, respectively. 

Figure 12 illustrates the preparation of several compounds of formula Hb. In 
one group of embodiments, substituted pyrimidines having a sulfonamide at flie 5- 
position and an ester group at the 6-position (Ixxiv) can be sonified to provide Ixxv, 
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which is then cyclized with dehydrating agents (e.g., sulfuric acid or acetic anhydride) to 
the fUsed heterocycle shown as Ixxvi (see Figure 12A). In other embodiments, diesters 
(Ixxvii) are saponified to the diacid Oxxviii) and converted to a mixture of amides (Ixsdx, 
by sequential treatnient with acetic anhydride and methylamine), which can then be 

S cyclized by treatment with a dehydratmg agent {e.g., acetic anhydride) as indicated to 
provide a bicyclic system (Ixxx, see Figure 12B). Yet another fused bicyclic system 
(Ixxxl) can be prepared beginning with ethyl 2-oxocyclopentanecarboxylate, using 
methods outlined above for the conversion of a P-ketoester to a substituted pyrimidine 
(see Figure 12Q. Still another group of embodiments can be prepared via manipulation 

10 of nitrile and ester substituents (see Figure 12D). Briefly, ethyl cyanoacetate is first 

condensed with ethyl oxalyl chloride and the resultant product is treated with a substituted 
guanidine (exemplified herein with N,N-diethylguanidine) to provide the substituted 
pyrimidinone (Ixxxii). Treatment of Ixxxii with ?OCl^ (or ottier chlorinating agent) 
followed by an appropriate amine (e.g., imidazole, 2-alkylimidazole, 

15 isopropylethylamine, pyrrolidine) provides the substituted pyrimidine (Ixxxiii). Ester 
hydrolysis and Curtius rearrangement (using, for example, diphenylphosphoryl azide) 
provide the amino nitrile (boodv). Conversion of the nitrile group to an amide by acid 
hydrolysis, and subsequent treatment with phosgene (or a phosgene equivalent such as 
diphosgene or dimethylcarbonate) provides the fused bicyclic system, Ixxxv which can be 

20 fiirdier converted to bxxvi on treatment with strong base (e.g., NaH) and an alkylating 
agent (eg., Mel). Catain intermediates along diese synthetic routes can be converted to 
other useful derivatives (Figure 12E). For example, Ixxxvii can be treated with 
Lawesson's reagent to provide the thioamide Ixxxviii, which on treatment with phosg^e 
(or a phosgene equivalent) provides die fused bicyclic system Ixxxix. Alternatively, 

25 Ixxxvii can be treated widi sulfiuyl chloride in the presence of a tertiary amine base to 
provide the fused bicyclic system xc. Figures 12F and 12G illustrate other mefliods of 
preparing compounds wiflun the scope of formula lib. In Figure 12F, a substituted 
pyrimidine (xci) having a sulfonamide at the 5-position and a carboxylic acid at the 
6-position is prepared using methods analogous to those described above. Curtius 

30 rearrangement of the carboxylic acid group in xci to an amino group provides xcii, which 
is then cyclized to xciii, using phosgene or a phosgene equivalent Figure 12G shows the 
preparation of a pyrimidine diester (xciv) and its conversion to die fused bicyclic system 
xcvii. Briefly, the silyl ester present in xciv is hydrolyzed to the acid which is subjected 
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to a Curtius learrangement to provide xcv. Conversion of the remaining ester groiq> to an 
amide can be accomplished using standard procedures to provide xcvi. Cyclization of 
xcv! to xcvil can be carried out using phosgene or a phosgene equivalent. 

Compounds of foraiula He can be prepared by methods outlined in Figure 13. 
5 In one group of embodiments (in Figure 1 3 A), a 4-chloropyrimidine derivative (xcviii, 
prepared by methods described above), is treated witii an amine allylamine) to 
provide xcix. The ester group is then converted to an N-methyl amide (c) upon treatment 
with methylamine in an alcohol solvent Cyclization of c to ci occurs upon treatment with 
phosgene or an eqmvalent. Similarly, compounds having more electronegative groups in 

10 the 6-position can be prepared as shown in Figure 13B. For example, the 

chloropyrimidine cii can be produced using methods outlined above and then converted to 
the bicyclic compound ciii, using procedures described for xcix. Still other fused systems 
of formula He can be prepared as shown in Figure 13C. Here, a chloropyrimidine 
derivative (civ) is treated with a primary amine (e.g., allylamine) to provide an amino 

15 moiety at the 4-position of ttie pyrimidine ring. Cyclization of the amino moiety onto a 
sulfonamide (present at the S-position) can be acconq>lished with phosgene or an 
equivalmt to provide the target (cv). 

Prq>aration of compounds of formula lid can be accomplished, in one 
embodiment, as outlined in Figure 14. Briefly, ethyl nitroacetate can be condensed with a 

20 mixed anhydride (cvi) to provide a nitroketoester (cvii) which can then be convoted to a 
pyrimidine (eviii) upon treatmmt with a suitably substituted guanidine. Removal of the 
protecting group, followed by treatment with POCI3 effects chlorinadon of the pyrimidine 
ring and cyclization to form a pyrimidinium salt (cix). Treatment of dx with an amine 
nucleophile produces the target compound (ex). Other compounds in ttds group can be 

25 prepared by starting with ethyl 3,3,3-trifluoropropionate or ethyl cyahoacetate and 
varying both the substituted guanidine and the amino nucleophile which are used. 

Preparation of certain compounds of formula He can be accomplished 
following procedures outlined in Figure 15. According to the scheme depicted in Figure 
15, a suitably substituted guanidine (cxi, prepared fiom a protected hydroxypropylamine) 

30 is condensed with ethyl 2-nitroacetoacetate (or similarly ethyl 2- 

trifluoromethylacetoacetate) to provide the a pyrimidinone (cxii). Removal of the 
protecting group, chlorination and cycUzation iising procedures similar to those shown in 
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Figure 1 5, produces ttie salt (cxiii). Subsequrat treatment of cxUi with a nucleophilic 
amine produces the target (cxiv). 

Preparation of compounds of formula Ilf can be accomplished following 
procedures outlined in Figure 16. Accordingly, (S)-2-aininopropanol can be treated with 
5 benzaldehyde in etfaanol followed by sodium borohydride to form the N-b^izyl alcohol 2. 
Acylation of the amine with chloroacetyl chloride provides 3, which can be cyclized to 4 
upon treatment with sodium hydride. Reduction of die amide carbonyl present in 4 with 
lithium aluminum hydride (LAH) provides the substituted morpholine 5. Hydrogenolysis 
of the N-benzyl group can be accomplished with hydrogen using a palladium on carbon 

10 catalyst to provide (S)-3-methyhnorpholine 6. 

Compound 6 can be combined with 2-chloro-4-hydroxy-6-methyl-5" 
nitropyrimidine (7), to provide compound 8. The hydroxy group present in 8 can then be 
converted to a chlorine upon treatment with POCI3 to provide compound 9, which upon 
treatment with imidazole in ethanol yields the parent compound 1 . Conversion of 1 to the 

1 S various salts can then be accomplished upon treatment with an equivalent of a suitable 
sulfonic acid (illustrated in Figure 16 as benzenesulfonic acid (PhS03H) and 
toluenesulfonic acid (p-MePhSOjH)). 

The compounds used as initial starting materials in this invention may be 
purchased fix>m commercial sources or alternatively are readily synthesized by standard 

20 procedures which are well know to those of ordinary skill in the art. 

Some of the compounds of the present invention will exist as stereoisomers, 
and the invention includes all active stereoisomeric forms of diese compounds. In the 
case of optically active isomers, such compounds may be obtamed fix>m corresponding 
optically active precursors using the procedures described above or by resolving racemic 

25 mixtures. The resolution may be carried out using various techniques such as 

chromatogr^hy with a chiral solid support or a chiral solvent, repeated recrystallization 
of derived asymmetric salts, or derivatization, which techniques are well known to those 
of ordinary skill in the art 

The compounds of the invention may be labeled in a variety of ways. For 

30 example, the compounds may contain radioactive isotopes such as, for example, 
(tritium), (iodme-125) and "C (carbon-14). Similarly, the compounds may be 
advantageously joined, covalently or noncovalently, directly or through a linko* molecule, 
to a wide variety of other compounds, which may provide prodrugs or function as 
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carriers, labels, adjuvants, coactivators, stabilizers, etc. Such labeled and joined 
compounds are conteirq)lated within the present invention. 

Analysis of the Compounds 

5 The subject compounds and con^jositions were demonstrated to have 

pharmacological activity in in vitro and in vivo assays, they are capable of 
specifically modulating a cellular physiology to reduce an associated pathology or 
provide or enhance a prophylaxis. 

Certain preferred compoxmds and compositions are capable of specifically 

1 0 inhibiting or suppressmg cytomegalovirus infection. For the assessment of activity 

against human CMV, a method was used which is similar to that described in Kohler, et 
al (1994) y. VtroL 68:6589-6597. Briefly, a recombinant human cytomegalovirus 
(HCMV) was made containmg a marker gene (luciferase) under the control of the 
promote: for thei late 28 kDa viral structural phosphoprotein pp28. Human foreskin 

IS fibroblast (HFF) cells were infected with the recombinant HCMV vuus (moi (multiplicity 
of infection) S), placed into 96*well plates, and cultured under standard cell-culture 
conditions* Compounds that were evaluated for anti-HCMV activity were added to the 
infected cells 20 h later. The level of luciferase expression was measured 24 h after 
treatment with the test confounds. The biological activity of the test conq)ounds is 

20 described by their IC50 values, the concentration of test compound ttiat reduces 

recombinant HCMV late gene expression (represented by luciferase expression in the 
HFF culture) by 50% relative to control (vehicle-treated) mfected cells. As an additional 
control, tiie cytotoxicity of test conq)Ounds on untreated HFF cells was also evaluated in 
cultured cell growth experiments. 

25 Table 1 provides biological data for selected compounds fiom the exanq)les 

below. 
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TABLE 1 



Compound 


ICsoOiM) 


a 


0.8 


c 


0.1 


d 


0.02 


f 


6 


g 


0.8 


h 


0.3 


j 


0.01 


k 


1 


m 


2 


n 


0.4 


0 


2 


P 


0.3 


4 


3 


s 


3 


t 


10 



Evidence that the subject compoxmds modulate CMV DNA primase was 
5 obtained from a series of experiments. Typically 25 cm^ flasks of HFF cells(lxlO* 
cells/flask) were mock-infected or infected with HCMV at a moi (multiplicity of 
infection) of 5 pfu/cell. After 1 h, the inoculum was removed and the cells were overlaid 
with fresh media containing the appropriate concentration of a tritiated compound, CH)-d, 
Cnyn or CH)-25.3 (see FIG. 17). The cells were incubated at 37 °C for 24, 48 or 96 h. 

10 The cells were then washed with PBS and scraped into 1 mL of PBS. The infected cells 
were centrifuged for 2 min. The supematant was discarded and the cell pellet was 
resuspended and lysed in 300 fxL of PBSA* (1% nonidet P40, 1% sodium deoxycholate, 
10 nM PMSF, 10 nM TLCK, 10 nM TPCK, 1 mM EGTA, 10 nM approtinin in PBS), 
The samples were then sonicated for five 2-min. intervals, aliquotted and stored at -80 

IS ^C. Fifiy l-(iL samples were mixed with lamelli sample buffer (Biorad) and subjected to 
SDS electrophoresis in 10% or 4-20% gradient polyaciylamide gels. The 
electrophoretically sq)arated radiolabeled proteins were transferred to nitrocellulose and 
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exposed for 6 days to Ultrasensitive Fuji tritiiim detection plates and analyzed with a 
phosphoimager. 

As shown in FIG. one specific protein (protein X) that migrated with an 
apparent molecular mass of approximately 1 10 kD was observed only in extracts derived 
fi-om infected cells treated with CH)-d and appeared at 48 h post-infection. The time of 
appearance of this protein is consistent witti early gene expression in HCMV» which gives 
rise to the proteins involved in viral DNA replication. 

As shown in FIG. 19 A, extracts from cells infected with either a baculovirus 
expressing an unrelated protein or baculovirus expressing the HCMV UL70 gene were 
subjected to SDS polyaciylamide electrophoresis in 4-20% gradient gels. The separated 
proteins were then transferred to nitrocellulose and probed with either preimmxme serum 
or anti-HCMV UL70 peptide serum. Using the ECL detection system, a strong signal at 
-85 kD was observed with the immune serum only in extracts from insect ^gh Five) 
cells infected with baculovirus expressing UL70. The baculovirus-produced UL70 
protein appeared as a doublet on SDS gels. Baculovirus UL70 protein lacks the first 100 
amino acids at the N-terminus and dius, migrates faster flian the fiiU length UL70 protein 
in SDS polyaciylamide gels* 

As shown in FIG. 19B (panel 1), UL70 can be detected in infected cells, and 
the specific UL70 antibody signal comigrated exactly with the (^H)-d-labeled 110 kD 
20 viral-specific protem X (FIG. 19B, panel 2). 

Modification of CMV UL70 by the subject confounds was determined by 
generation of an HCMV mutant strain that is resistant to compound 1 and comparison of 
wild-type Towne sequences of the HCMV r^lication genes with sequences of the 
corresponding genes in tfie 1-resistant vurus, 

25 Eleven viral genetic loci have been shown to be required for HCMV DNA 

replication. To determine which of these genes is mutated in the mutant vmis, DNA 
sequencing was performed. Wild type Towne sequences of the HCMV replication genes 
were compared with sequences of the corresponding genes in flie 1-resistant virus. To 
detect bona fide point mutations, multiple pools of polymerase chain reaction (PCR) 

30 products were sequenced for each of the following genes (including 500 bp of flanking 
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sequCTces): UL44 (DNA polymerase accessory &ctor), ULS4 (DNA polymerase), ULS7 
(single-stranded DNA binding protein), UL102 (helicase-primase accessory factor), 
ULIOS Cbielicase), UL101-UL102 (origin binding protein), ULl 12-113 loci (early proteins 
of miknown function), UL84 (unknown function) and UL70 (primase). Hie only changes 
S idmtified were three point mutations in the UL70 gene encoding the HCMV primase, 
shown in HG. 20. The presence of the three point mutations was confirmed by PGR 
amplification and sequencing of the UL70 genes j&om three independent preparations of 
the 1-resistant virus DNA. 



All three point mutations detected are in the conserved primase domains of 
10 the UL70 protein. In particular, the cysteine residue at position 570 is completely 

conserved among all primase homologs identified in the herpes virus family. However, 
the adjacent residues are poorly conserved. The proline residue at position 571 is not a 
highly conserved residue. Site-specific mutagenesis of serine 571 back to proline in the 
presence of the I and F mutations coidd not rescue wild type viruses in flie 
15 presence of high concentrations (1 pM) of an analog of compound 1. Furthermore, 

mutation of proline 571 to serine alone was not sufficient to conf(^ a compound-resistant 
phenotype. Further mutagenesis studies ui which and 1^ were restored individually 
to 1-resistant virus UL70 DNA were not sufficient to restore a resistant phenotype. 



20 Combinatorial Libraries 

Combinatorial libraries of conQ>ounds that possess an eleotrophilic moiety 
capable of reacting with a thiol group can be screened for antiviral activity. 
Conventionally, new chemical entities with useful properties are generated by identifying 
a chemical compound (called a "'lead compound") with some desirable property or 

25 activity, e.g., antiviral activity, creating variants of the lead compound, and evaluating the 
property and activity of those variant compounds. However, the current trend is to 
shorten the time scale for all aspects of drug discovery. Because of the ability to test large 
numbers quickly and efficiently, high throughput screening (HTS) methods are replacing 
conventional lead compound identification methods. 

30 In one preferred embodiment, high throughput screening methods involve 

providing a library containing a large niunb^ of potential therapeutic compounds 
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(candidate compounds). Such combinatorial chemical libraries** are Ihen screened in 
one or more assays to identify those library members particular chemical species or 
subclasses) that display a desired characteristic activity. The compounds flius identified 
can serve conventional "^lead compounds'* or can themselves be used as potential or 
S actual therapeutics. 

A combinatorial chOTiical library is a collection of diverse chemical 
compounds generated by either chemical synthesis or biological synthesis by combining a 
number of chemical "building blocks" such as reagents. For example, a linear 
combinatorial chemical Ubrary, such as a polypq)tide (e,g., mutein) library, is formed by 

10 combining a set of chemical building blocks called amino acids in every possible way for 
a given compoimd length (Le,, the number of amino acids in a polypq)tide compound). 
Millions of chemical compounds can be synthesized through such combinatorial mixing * 
ofchemical building blocks (Galloped. aL(l994)J.MecL Chem. 37(9):1233-1251). 

Preparation and screening of combinatorial chemical libraries is well known 

15 to those of skill in the art. Such combinatorial chemical libraries include, but are not 
limited to, peptide libraries {see, U.S. Patent No. 5,010,175, Furka (1991) InL J. 
Pept Prot. Res. 37:487-493, Houghton et. al (1991) Nature 354: 84-88), peptoid Ubraries 
(PCT Publication No WO 91/19735), encoded peptide Ubraries (PCT Publication WO 
93/20242), random bio-oligomer libraries (PCX Publication WO 92/00091), 

20 benzodiazepme libraries (U.S. Patent No. 5;288,514), libraries of diversomers, such as 
hydantoms, benzodiazepines and dipeptides (Hobbs et aL (1993) Proc Nat. Acad. Sci. 
USA 90:6909-6913), vmylogous polypeptide libraries (^gihara et al (1992) J. Amer. 
Chem. Soc. 114:6568), libraries of nonpeptidyl peptidomimetics with a Beta-D-Glucose 
scaffoldmg (Hirschmann et al (1992) J. Amer. Chem. Soc 114:9217-9218), analogous 

25 organic syntheses of small compound Ubraries (Chen et. al (1994) J. Am. Chem. Soc. 
116:2661), oligocarbamate Ubraries (Cho et al (1993) Science 261:1303) and/or peptidyl 
phosphonate libraries (CampbeU etal (1994) J. Org. Chem. 59:658). See, geheraUy, 
Gordon et al (1994) J. Med. Chem. 37:1385-1401, nucleic acid Ubraries {see, e.g., 
Stratagoie Corp.), peptide nucleic acid Ubraries (see, e.g., U.S. Patent No. 5,539,083), 

30 antibody libraries (see, e.g, Vaughn et. aL (1996) Nature Biotechnology 14(3):309-314), 
and PCT/US96/10287), carbohydrate Ubraries (see, e.g., Liang et al (1996) Science 
274:1520-1522, and U.S. Patent No. 5,593,853), and small organic molecule Ubraries 
(see, e.g., benzodiazepines, Baum (1993) C&EN Jm 18, page 33; isoprenoids, U.S. Patent 



38 



wo 02/064096 



PCTAJS02/04920 



No, 5,549,974; pyirolidines, U.S. Patent Nos, 5,525,735 and 5,519,134; moipholino 
compounds, US. Patent No. 5,506,337; benzodiazepines, U.S. Patent No. 5,288,514; and 
the like). 

Devices for the preparation of combinatorial libraries are commercially 
5 available {see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY; 

Symphony, Rainin, Wobum MA; 433A Applied Biosystems, Foster City CA; 9050 Plus, 
Millipore, Bedford, MA). 

A number of well known robotic systems have also been developed for 
solution phase chemistries. These systems includes automated workstations like the 

10 automated synthesis apparatus developed by Takeda Qiemical Industries, LTD. (Osaka, 
Japan) and many robotic systems utilizing robotic arms (Zymate U, Zymaik Corporation, 
Hopkinton MA; Orca, Hewlett-Packard, Palo Alto CA), which mimic the manual 
synthetic operations performed by a chemist. Any of the above devices are suitable for 
use with the present invention. The nature and implraientation of modifications to these 

1 5 devices (if any) so that they can operate as discussed herdn wUl be apparent to persons 
skilled in the relevant art In addition, numerous combinatorial libraries are themselves 
commercially available {see e.g., ComG^ex, Princeton NJ; Ashiex, Moscow, Russia; 
Itipos, Inc., St Louis MO; CSiemStar, Ltd, Moscow, Russia; 3D Pharmaceuticals, Exton 
PA4 Martek Bioscimces, (Columbia MD; etc.). 

20 

High Throughput Screening 

High tiux>ugb|)ut assays for the presence, absence, quantification, or other 
properties of particular compounds are well known to those of skill ia the art. Thus, for 
example, U.S. Patent No. 6,043,038 discloses high tibrougl^ut screening methods for 

25 modulators of primase activity. Such assays may be adapted to identify compounds 

capable ofmodifyingCMVUL70usmg functional protem. Pref^ed assays thus detect 
enhancement or inhibition of CMV DNA primase activity. 

In addition, high throughput screening systems are commercially available 
{see e.g., Zymark Corp., Hopkinton MA; Air Technical Industries, Mentor OH; Beckman 

30 Instnunents, Inc., Fullerton CA; Precision Systems, Inc., Natick MA; etc.). These 

systrais typically automate entire procedures, including all sample and reagent pipetting, 
liquid dispensing, tuned incubations, and final readings of the microplate in detector(s) 
s^propriate for fiie assay. These configurable systems provide high throughput and rs^id 
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Start iq> as well as a high degree of flexibility and customization. The manufacturers of 
such systems provide detailed protocols for various high throughput systems. Thus, for 
example, Zymaik Corp. provides technical bulletins describing screening systems for 
detecting flie modulation of gene transcription, ligand binding, and the like. 
5 The following examples are offered by way of illustration and not by way of 

limitation. 

EXAMPLES 

'H-NMR spectra were recorded on a Varian Gemini 400 MHz NMR 
10 spectrometer. Significant peaks are tabulated in the order: number of protons, 

multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad singlet) 
and coupling constant(s) in Hertz. Electron Ionization (EI) mass spectra were recorded on 
a Hewlett Packard 5989A mass spectrometer. Mass ^ectrometry results are reported as 
the ratio of mass over charge (m/z), followed by the relative abundance of each ion (in 
IS parentheses). 

EXAMPLE! 




2-(N--methylanttiao)-4-(2-methylimidazolyI)-6-metihyK5-nit^ 
(a) and an isomer 4-(N-methyIaniIino)-2-(2-methyIimidazolyI)-6-mefliyl-5- 

20 nitropyrimidine (b). To a stirred cold (-78 **C) solution of 2,4-dichloro-6-methyl-5- 
nitropyrimidine (2.25 g, 10.8 mmol, 1.0 equiv.) in THF (IS mL) was added 2- 
mediylimidazole (977 mg, 11.9 mmol, 1.1 equiv.) in a solution of THF (IS mL) dropwise. 
After 1 h, the dry ice bath was replaced with a water ice bath and stirring was continued 
for an additional 2 h and 15 mut. At this time N-methylaniline (4.6 mL, 43.2 mmol, 4.0 

25 equiv.) was added. The reaction solution was stirred 1 h and IS min, at -78 and at 
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room tempoatute ovonight At this time Has solvent was removed and the residue was 
diluted witfi didiloromethane and washed three times with O.IM HCl and tiiree times wiQi 
saturated aqueous NaCl solutioa The organic phase was evirated and the reddue was 
purified by chromatography on silica gel (1 :1 hexane/diethyl e&ar, 1% AcOH as ehiant) 
5 to provide 209 mg of the target compound a (6%) along wi& an isomer (400 mg) and b 
(104.8 mg). 

(a) 'H NMR (400MHz) (CDjOD): 5 2.26 (3H, br s); 2.58 (3H, br s); 3.61 
(3H, s); 6.88 (IH, s); 7.02 (2H, d); 7.31-7.34 (3H, m); 7.43-7.48 (2H, m). Anal, calcd. for 
C,«H,«N«02: C, 59.25; H, 4.97; N, 25.91. Found C, 59.16; H, 4,95; N, 25.86. 
10 (b) 'H NMR (400MHz) (CDCl,): 8 2.40 (3H, s); 2.80 (3H, s); 3.55 (3H, s); 

6.95 (IH, s); 7.13 (2H, m); 7 JO-7.39 (3H, m); 7.86 (2H, s). 

EXAMPLE 2 




2-(N-mefliylaiiiIino)-4-(2-methylinddazolyl)-6^ (c). 

15 To a stirred, cold (-78**C) solution of a (54,4 mg, 0,168 mmol, LO equiv.) in THF (1.0 
mL) was added LiN(SiMe3)2, ( 0.20 mL, 0.201 mmol, 1.2 equiv., of a l.OM/THF solution) 
dropwise. After stirring for 10 min., Mel (O.IOS mL, 1.68 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -78 *C for 40 min. and stirred for an additional 4 h at 
0 ^'C. A small portion of acetic acid (0.25 mL) was poured into the flask and the brown 

20 residue was evaporated to dryness. The residue was then dissolved in dichloromethane 
and washed three times with saturated aqueous NaCl solution and the organic phase was 
evaporated to dryness to provide a crude yellow oil. 

Purification was carried out by column chromatogr^hy on siUca gel with 1 : 1 
hexane/diethyl ether, 1% AcOH, 3% MeOH as eluant, to provide 21.4 mg of the desired 

25 product (37%). 
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(c) 'H NMR (400MHz) (CD3OD): 5 1.29 (3H, br s); 2.28 (3H, br s); 2.86 
(2H, br s); 3.63 (3H, s); 6.89 (IH, s); 7.02 (IH, s); 7.30-7.39 (3H, m); 7.42-7.49 (2H, m). 
MS ESI m/z (relative intensity): M+H, 339.2 (100); M+Na, 361.1 (15). 



5 EXAMPLES 




d e f 



2~(N-beiizylmethylaiiiino>4-(2-methylinddazolyl)^ 
nitropyrimidine (d), 2,4-BisKN-benzylmethylainino)-6-methylr5-nitropyr^ (e) 
and 4-(N-ben2yImefhylamino)-2-(2-niethyIinddazolyQ^S-mett^ . 

10 (!)• To a stirred, cold (-78**C) solution of 2,4-dichloro-6-mefhyl-5-nitropyrinudine (187.7 
mg, 0.90 mmol, 1.0 equiv.) in THF (2.25 mL) and EtOH (2.25 mL) was added 
2-metiiylimidazole (148 mg, 1.80 nunol, 2.0 equiv.) in a solution of EtOH (2.25 mL) 
dropwise. After 45 min., the diy ice bath was replaced with a water ice bath and the 
mixture was stirred for an additional 2 h 15 mia. At ibis time N-methylbenzylamine 

15 (0.465 mL, 3.60 mmol, 4.0 equiv.) was added. After stirring for 2 h and 40 min., the 
solvents were removed by evaporation. The residue was diluted witii dichloromethane 
and washed three times with 0.1 M HCl and three times with saturated aqueous NaCl 
solution. Solvent was removed from the organic phase and the residue was purified by 
chromatography on silica gel (1:1 hexane/diethyl ether, 1% AcOH^ as eluant) to provide 

20 d (32 mg), e (1 16.3 mg) and f (104.8 mg). 

(d) 'H NMR (400MHz) (CDCI3): 5 2.30 (1.5H, s); 2,53 (1.5H, s); 2.57 (1,5H, 
s); 2.59 (1.5H, s); 3.15 (1.5H, s); 3.27 (1.5H, s); 4.88 (IH, s); 4.97 (IH, s); 6,87 (0.5H, s); 
6.90 (0.5H, s); 6.96 (0.5H, s); 6.99 (0.5H, s); 7.16 (IH, d); 7.24-7.37 (4H, m). MS ESI 
m/z (relative intensity): M+H, 339.2 (100); M+Na, 361.1 (8) 
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(e) *H NMR (400MHz) (CDCI3): S 2.49 (3H, s); 2.79 (3H, s); 2.90-3.20 (3H, 
br humps); 4.70-4.88 (4H, br humps ); 7.12-7.35 (lOH, br humps). MS ESI m/z (relative 
intensity): M+H, 378.2 (100); M+Na, 400.1 (15) 

(f) 'H NMR (400MHz) (CDCI3): 8 2.52 (3H, s); 2.67 (3H, s); 2.90 (3H, s); 
5 4.92 (2H, s); 6.89 (IH, s); 7.20 (2H, d); 7.28-7.35 (3H, m); 7.74 (IH, s). MS ESI m/z 

(relative intensity): M+H, 339.2 (100). 



EXAMPLE 4 




g 



10 2-(N-methyl-4-chloroanilino)-4-(2-methylimidazolyI)-6-methyl-5- 

nitropyrimidine (g). To a stirred, cold (-78 ^^C) solution of 2,4-dichloro-6-methyl-5- 
nitropyrimidine (207.5 mg, 1.0 mmol, 1.0 equiv.) in THF (225 mL) and EtOH (2.25 mL) 
was added 2-methylimidazole ( 164 mg, 2.00 mmol, 2.0 equiv.) in a solution of EtOH 
(2.25 mL) dropwise. After 45 min., the dry ice bath was replaced with a water ice bath 

15 and stirring was continued for an additional 2 h and 15 min.. 4-C3ilon>-'N-metfaylaniline 
(0.485 mLy 4.0 mmol, 4.0 equiv.) was flien added and the reaction solution was stined for 
2 h and 40 min.. Solvmt was removed by ev^oration and the residue was diluted wifli 
dichlorometiiane, waited three times wifli 0. 1 M HCl, three times witii saturated aqueous 
NaCl solution and dried over MgS04. Solvent was removed fix>m the organic phase and 

20 the residue was purified by silica gel chromatography (1 :1 hexane/dietiiyl ether, 1% 
AcOH as eluant) to provide g (55,9 mg, 15.6%). 

(g) *H NMR (400MHz) (CD3OD): 5 2.30 (3H, br s); 2.57 (3H, br s); 3.59 
(3H, s); 6.91 (IH, s); 7.02 (IH, s); 7.36 (2H, d); 7.44 (2H,d). MS ESI m/z (relative 
intensity): M+H, 359.1 (100). 
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EXAMPLES 




a h 

2-(N-methylanlllno)-4-(2-methyUmidazoIyl)-6-isopropyl^^ 
5 nitropyrimidiiie (h). To a stirred, cold (-78 ^C) solution of a (38.6 mg, 0.119 mmol, 1.0 
equiv.) in THF (0.5 mL) was added NaH (9,5 mg, 0.24 mmol, 2.0 equiv., 60% in oil). 
After stirring for 15 min., Mel (0.074 mL, 1.19 mmol, 10 equiv.) was added. The 
reaction was kept at -78 ^'C for 2 h, then stirred an additional 2.5 h at 0 ''C. A small 
portion of acetic acid (0.25 mL) was poured into the flask and the brown mixture was 
10 evaporated to dryness. The residue was dissolved into dichloromethane, washed three 
times with water and three times with saturated aqueous NaCl solutioiL Solvent was 
removed from the organic phase and the product was purified by silica gel 
chromatogr^hy (1:1 hexane/diethyl eflia:, 1% AcOH as eluant) to provide the target 
compound (13.3 mg 33%). 
15 (h) NMR (400MHz) (CDCI3): 6 1 .20-1 .35 (6H, m); 2.29 (3H, br s); 3.24 

(IH, m); 3.62 (3H, s); 4.92 (2H, s); 6,89 (IH, br s); 7.03 (IH, br s); 7.30-7.40 (3H, m); 
7,71-7.48 (2H, m), MS ESI m/z (relative intensity): M+H, 353.1 (100). 
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2-(N-beiizylmethylamino)-4-(2-methylimidazolyl)-6-eA^ (j). 




2<<N-methylanilmo)-4-(2-methyIiiiudazoIyl)-6-isopropy 
5 nitropyrimidine Q). To a stirred, cold (-78 **C) solution of d (57.7 mg, 0.170 mmol in 
THF (0.5 mL) was added LiN(SiMe3)2, (0.17 mL, 0.17 mmol, 1.0 equiv., l.OM/THF) 
dropwise. After stirring for 10 min., Mel (0.106 mL, 1.70 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -78''C for 2 h and then stined for an additional 3 h at 
0 ^C. A small portion of acetic acid (0.25 mL) was poured into the flask and the brown 
10 mixture was evaporated to dryness. The residue was dissolved into dichloromethane, 
washed three times with water, three times with saturated aqueous NaCl solution and the 
organic phase was evaporated to dryness. The target contpound was obtained following 
silica gel chromatogc^hy (1:1 hexane/diethyl ether, 1% AcOH, 3% MeOH as eluant). 
Yield: 30,3 mg (50.4%). 
15 a) ^HNMR (400MHz) (CD3OD): S 1.26-1.41 (3H,m); 2.21 (1.5H,s); 2.45 

(1.5H, s); 2.86-2.94 (2H, m); 3.22 (1.5H, s); 3.35 (1.5H, s); 4.93 (IH, s); 5.05 (lH,s); 6.91 
(0.5H, s); 6.94 (0.5H, s); 7.07 (0.5H, s); 7.12 (0.5H, s); 7.23-7.38 (5H, m). MS ESI m/z 
(relative intensity): M+H, 353.1 (100). 
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k 

2-(N,N-diethyIamino)-4-(2-methylimidazoIyQ-6-methyl-5-m^ 
(k). To a cooled (-78^ C) solution of 2,4-dichloro-6-methyl-5-mtropyriinidine (208 mg, 
5 1.0 mmol, 1.0 eqmv. in 2 mL each of EtOH and THF) was added 2,0 equiv. of 

2-metfayUmidazole in 2 mL of EtOH. The resulting mixture was stirred for 1 hr at -78^C, 
flien for 2 hr at O^C. Diethylamine (0.413 mL, 4.0 equiv.) was added dropwise and the 
reaction was stirred overnight The resulting mixture was diluted with didilorometfaane, 
washed witii 0.1 NHCUsaturatedNaCl, dried (MgS04), and filtered. Solventwas 
1 0 ranoved by evaporation and the residue was purified by silica gel chromatography to 
provide 35 mg of the target compound k. 

(k) "H NMR (400MHz, CHDCU: 5 1.15-1,23 (3H, m); 2.48 (3H, s); 2.53 (3H, 
s); 3.59-3.60 (2H, q); 3.68-3.70 (2H. q); 6.86 (IH, s); 6.95 (IH, s). MS ESI m/z (relative 
intensity): M+H, 291.2 (100). 
15 In a similar manner, the following compounds were prepared using the 

indicated amine in place of diethylamine. Each was obtained as a yellow oil 



2-(N-benzylbutyIamiDo)-4-(2^methyIiniidazoIyI)-6-methyl-S-' 
nitropyrimidine Compound m (N-butylbenzylamfne) (m). 40 mg. 'H NMR 
20 (400MHz, CDCI3): 8 0.86-0.95 (3H, m); 1.23-1.38 (2H, m); L5M.68 (2H, m); 2.52 (3H, 
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m); 3.52 (2H, t); 4.83 (IH, s); 6.80 (IH. s); 6.92 (IH, s); 7.13 (2H. d); 7.26-7.31 (3H. m). 
MS ESI m/z relative intensity: M+H, 381.2 (100). 

2-(N-methyIbatylamino)-4-(2-methyIimidazolyI)-6-methyl--S- 
nitropyrimidine Compound n (N-methylbntylamine) (n). 68 mg. 'H NMR 
5 (400MHz, CDClj): 5 0.95 (3H, t); 1.32 (2H, m); 2.51 (3H, br s); 2.55 (3H, s); 3.15-3.24 
(3H, d); 3.58-3.72 (2H, t); 6.85 (IH. s); 6.95 (IH, s). MS ESI m/z (relative intensity) 
M+H, 305.4 (100). 

2-(N,N-dibenzyIaniino)-4-(2-methyIimidazolyl)-6-metfayI-5- 
nitropyrimidine Compound 0 (Dibenzylamine) (o). 20 mg. 'H NMR (400MHz, 
10 CDCI3): 6 2.53 (3H, br s); 2.55 (3H. br s); 4.81 (2H, s); 4.96 (2H,s); 6,85 (IH, s); 6.95 
(IH, s). MS ESI m/z (relative intensity) M+H, 415.6 (100). 



Compound p (4-methyIpiperidine). 45 mg. 'H NMR (400MHz, CDCI3): 8 
1.12-1.16 (3H, m); 2.46 (3H, s); 2.51 (3H, s); 3.40-3.47 (8H, m); 6.84 (IH, s); 6.99 (IH, 
15 s). MS ESI m/z (relative intensity): M+H, 317.1 (100). 

Compound q (N-(cyclopropylmethyI)butyIamine). 41 mg. 'H NMR 
(400MHz, CDCI3): 8 0.23-0.64 (4H, m); 0.89-0.93 (3H, m); 1.18 (IH, t); 1.59-1.73 (2H, 
• m); 2.49-2.51 (3H, d); 2.54-2.55 (3H, d); 3.46-3.58 (2H, m). MS ESI m/z (relative 
intensity): M+H, 331.2 (100). 




20 
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EXAMPLES 




Me 



r 

2-(N-methylaniIino)-4-pyiToUdino-6-methyl-5-nitrop (r). To a 

cooled (-78 ^C) solution of 2,4-dichloro-6-methyl-S-iutropyrimidme (208 mg, 1.0 mmoU 

5 1.0 equiv. in 2 mL each of EtOH and THE) is added 1.1 equiv. of pyroUidine in 1.0 mL of 
BtOH. The resulting solutionis stirred for 1 hrat-78 flien for 2 hrat 0 ^C. 
N-metiiylaniline (0.432 mL, 4.0 equiv.) is added dropwise and tiie reaction is stirred 
overnight The resulting niixture is diluted vdlhdicUoromelhane, washed witii 0.1 ^ 
HCl, saturated NaCl, dried Qs/L^O^), and filtered. Solvent is removed by evaporation and 

10 the residue is purified by chromatogrsqphy to provide tiie target compound r. 




s 



2-(N-Methylbenzylamino)-4-(2-methyiimidazolyi)-5-nitropyrimidine(s). 
15 To a solution of 2,4-dichloro-5-mtropyrimidine (200 mg, 1 mmol) in dioxane (5 mL) at 
80 was added 2-methylimidazole (85 mg, 1 mmol) and N-methylbenzylamine (133 
^L, 1 mmol). The solution was stinred overnight at 80 ''C, cooled, and directiy 
chromatographed (1/1 hexane diethyl ether) to yield product 

(s) *H NMR (400MHz) (CD3OD): 8 3.09 (s, 1.5H), 3.17 (s, L5H), 3.18 (s, 
20 1.5H), 4.5-4.8 (m, 2H), 7.2-7.5 (m, 8H). 
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PXAMPLEIO 




'Me 



.NO2 



'Me 



,N02 



t 



2-(N-MethylaniImoH-(4-methylinddazoIyl)-S^ pyrimidbie (t). To a 

solution of 2,4-dicUoro-6-methyl-5-nitropyriniidine (150 mg, 0-72 nunol) in dioxane (5 
S mL) at 80 was added 4-methylimidazole (60 mg, 0.72 mmol) and N-mediylaniline (77 
mg» 0 J2 mmol). The solution was stiired overnight at 80 ^C, cooled, and directly 
chiomatographed (1/1 hexane diethyl eth^) to yield product. 

(t) NMR (400MHz) (CD3OD): 5 2.37 (s, 3H), 2.74 (s, 3H), 3.30 (s, 3H), 
7.25-7.55 (m, 5H), 7.75 (s, IH), 9.31 (s, IH). 



2-(4-Ben2yIpiperazine)-4K2-methylimldazoIyl)-6-methyI-5^^ 
pyrimidine (u). To a solution of 2,4-dichloio-6-methyl-5-nitropyiiniidine (175 mg, 0.84 
1 5 mmol) in dioxane (5 mL) at 80 was added 2-methylimidazole (85 mg, 0.84 mmol) and 
1-b^azylpipirazine (148 0.84 mmol). Tlie solution was stiired overnight at 80 ^C, 
cooled, and du-ectiy chiomatographed (1/1 hexane diefliyl ether) to yield product. 



10 



EXAMPLE 11 




u 



wo 02/064096 PCT/US02/04920 

(u) 'H NMR (400MHz) (CD,OD): 8 2.42 (s, 3H), 2.60 (s, 3H), 3.38 (br s, 
4H), 3.80 (br s. 4H), 4.38 (s, 2H). 7.30-7.55 (m, 7H). MS ESI 347 m/e (relative 
intensity): M + H, 348.0 (100). 

EXAMPLE 12 

n 




F3C 



2*(4-trifluoromethyIbeiizylaii]ino)-4-(2-methyIi^ 
nitropyrimidine (v). To a stiired mixture of 2-chloro-4-hydroxy-6-methyl-5- 
nitropyrimidine (300 mg, 1.58 mmol, 1.0 equiv.) in absolute ethanol (20 mL) was added 

10 4-<trifliioromethyl)benzylamine (540 mg, 3.08 mmol, 1.95 equiv.), and sodium acetate 
(130 mg, 1.58 mmol, 1.0 equiv.). The mixture was slowly heated and the resulting 
solution refluxed for 22 h. The mixture was then cooled and ethanol was removed in 
vacuo. The oily residue was dissolved in ethyl acetate and washed three times with IM 
HCl, three times with saturated NaCl solution, then dried over MgS04. Removal of 

15 solvent provided a crude yellow solid intermediate which was dried under vacuum then 
dissolved in 4 mLofPOClj with heating (95-100°C) for 0.5 h. The POCI3 was removed 
by rotary evaporation and the cmde brown product was purified using chromatogr^hy 
(1:1 hexane/dichloromethane) to provide a chloropyrimidine intermediate (313 mg), 
which was carried on directly without additional purification. 

20 To a stirred solution of the above chloropyrimidine (150 mg, 0.43 mmol, 1.0 

equiv.) in acetonitaile (2.5 mL) was added methylimidazole (142 mg, 1.7 mmol, 4.0 
equiv.). The resulting mixture was heated to reflux for 5 h, cooled, and the solvrat 
removed by rotary evaporation. The residue was dissolved in ethyl acetate, washed with 
0. IM HCl, H2O, brine and dried ova: MgS04 to give a crude yellow solid following 

25 removal of solvent. The solid was purified using chromatography with 2.5% 
MeOH/dichlorometfaane to give a yellow oil. A solid product was obtained by 
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precipitation fiom dichloromethane and hexane. Yield: 1S2.3 mg, 51% fiom the starting 
2-K:hloio*4-hydroxy'^methyl-S-nitiopyrimidine. 



'H NMR (400MHz) CDCI3 8 2.28 (1.5H, s); 2.42 (1.5H, s); 2.55 (1.5H, s); 
2.58 (1.5H, s); 4.71 (IH, d); 4.80 (IH, d); 6.67 (0.5H, br s); 6.80 (0.5H,br s); 6.88 (IH, d); 
5 6.96 (IH, s); 7.41 (IH, d); 7.49 (IH, d); 7.62 (2H, d). MS BSI m/z (relative intensity: 
M+H 392.9 (100). 



nitropyrimidine (w) using an alternate procedure for the addition of an imidazole group 
to the pyrimidine nucleus: To a stirred solution of 2-(l-phenylpropylainino)-4-hydroxy- 
6-methyl-5-nitropyrinndine (78 mg, 0.270 nunol, 1.0 equiv., prq>ared in a mann^ similar 
to that in Example 12 above) in pyridine (1 mL) was added trifluoroacetic anhydride (1 15 

IS i£L, 0.812 mmol, 3.0 equiv*)* The mixture was stirred for 15 nmt, then imidazole (184 
mg, 2.70 mmol, 10 equiv.) was added, and the mixture allowed to stir overnight Pyridine 
was r^oved by rotary evaporation and the dark residue was dissolved in ethyl acetate 
and washed with 0. IM HCl followed by brine. The crude solid obtained after removal of 
solvent was purified by chromatography 2.5% MeOH/CHjClj to give 36.1 mg (42%) of 

20 the title compound. 

^H NMR (400MHz) CDCI3 5 0.99 (3H, m); 1.73-2.02 (2H, m); 2.48 (3H, s); 
4.81 (0.66H, dd); 5,07 (0.33H, dd); 6.16 (0.66H, d); 7.02 (0.33H, d); 7.08-7.12 (2H,m); 
7.25-7.38 (5H, m); 7.89 (0.66H, s); 8.18 (0.33H, s), MS ESI m/z (relative intensity: M+H 
339.2(100). 



PXAMPLP^3 




w 



10 



2-(l*-phenyM-propyIamino)-4-(imidazoM-yI)-6-methyI-5-* ' 



25 
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This example illustrates the synthesis of pyrimidine derivatives having an 
alkoxy group in the 2'position, exemplified by 2-(propyloxy)-4"(2-methyluiiidazol-lyl)- 
6-methyI-5-nitropyrimidine (x). 




To a flask charged wifli n-propanol (5 mL) was added NaH (128 mg, 3.19 
mmol, 2.0 equiv., 60% in oil) and the mixture was stirred under Nj for 10 min.. The 
resulting solution was transfored via cannula into a flask containing a solution of 2- 
cUoro-4-hydro3Qr-6-methyl-5-mtropyrimidine (302 m& 1.60 mmol, 1.0 equiv.) in n- 

10 propanol (5 mL). The resdting mixture was heated in an oil bath at 100 ^^C for 1 h, 
poured into a separatory fimnel containing dilul^ HQ and extracted wifli 
dichloromethane. The organic phase was separated and washed wifh water, brine and 
dried over MgS04 to give a crude solid (yield 297 mg) after removal of solvent The 
crude solid was heated in neat POCI3 (3 mL) for 6 min. at 85-90 **C, cooled on ice, and 

15 the POCI3 was removed in vacuo. Hie ddoropyrimidine intennediate was puiified via 
cbn>matognq>liy to provide 117 mg of tiie intermediate which was convCTted to the title 
compound using methods described in Example 12, The product was obtained as a 
yellow oil (191 mg, 43% from 2-chloro^hydioxy-6-methyl-5-mtropyiimidine). 

•H NMR (400MHz) CDQj 5 1.04 (3H, t); 1.86 (2H. dq); 2.52 (3H, s); 2.61 

20 (3H, s); 4.38 (2H, t); 6.90 (IH, d); 6.98 (IH, d). MS ESI m/z (relative intensity: M+H 
278.1 (100) 

BXAMPLRt5 

The conq)ounds listed in Table 2 were prqpared usmg the procedures outlined 
25 in Examples 12-13. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +,ICso>500nM; -H-, 100 nM < IC50 < 500 
uM; H-H-,ICso<100nM. 



S2 



wo 02/064096 



TABLE 2 



PCT/US02/04920 





R' 


R" 


R* 


R* 


m/z (m+1) 
ormpCC) 




1 


H 


Me 


Me 


392.9 


++ 


F3C^ V 












KJ lie 


H 


Me 


Me 


353.1 


++ 




H 


Et 


Me 


391.1 


++ 


ws/v 

J 


H 


Bt 


Me 


406.9 


4+ 
















H 


Me 


Me 


377.1 


++ 














WW 


H 


Et 


Me 


391.1 


4+ 
















H 


Me 


Me 


411.1 


++ 















53 



wo 02/064096 



PCT/US02/04920 







R" 




R" 


m/z (m+1) 


IC«, 




H 


Et 


Me 


425.1 


++ 




H 


Me 


Me 


377.1 


++ 




H 


Me 


Me 


393.1 


++ 


CI 














H 


Me 


Me 


411.1 


+++ 


F 


H 


Me 


Me 


361.1 


-H-+ 




H 


Me 


.Me 


409.1 


++ 



54 



wo 02/064096 



PCT/US02/04920 



R" 


R' 


nb 


R* 


R* 


m/z (m+1) 
or mp CQ 


IC,„ 


WW 

^ w 


H 


H 


Me 


339.2 


+ 


^w 


H 


H 


Me 


347.1 


+ 


WW 


H 


Me 


Me 


343.1 


4+ 


WW 


H 


Me 


Me 


393.1 


++ 


U 


H 


Me 


Me 


359.1 


+++ 


WW 


H 


Mc 


Me 


359.1 


4+ 




H 


Me 


Me 


392.1 


+4+ 



55 



wo 02/064096 



PCTAJS02/04920 



i 


y-^R" 
^✓N02 

A- 


R* 






R' 


m/z (m+1) 
ormp (°C) 






H 


Me 


Me 


339.1 


+ 




H 


Me 


Me 


359.1 


+4-1- 


CFg 


H 


Me 


Me 


461.1 


+ 




H 


Me 


Me 


393.1 


+++ 




H 


Me 


Me 


393.1 


++ 




H 


Me 


Me 


339.1 


++ 




H 


Me 


Me 


403.0 


+-H- 



56 



wo 02/064096 



PCTAJS02/04920 







R" 


R" 


R"* 


mJz (m+1) 
ormpCC) 




WW 

U 


H 


Me 


Me 


343.1 


-H- 




H 


Me 


Me 


355.1 


++ 


WW 


H 


Me 


Me 


326.1 


+ 


WW 


H 


Me 


Me 


326.1 


++ 






H 


Me 


Me 


385.1 


++ 


F 


J 


H 


Me 


Me 


379.1 


++ 


F 


r 


H 


Me 


Me 


379.1 


++ 



57 



wo 02/064096 



PCT/US02/04920 



ti 


-N 

y^R*' 

A- 




K 


K. 


Jx 


m/z (m+1) 
OT mp \ \^) 


TP 






H 


Me 


Me 


379.1 


++ 






H 


Me 


Me 


379.1 


++ 






H 


Me 


Me 


361.1 


++ 




H 


Me 


Me 


411.1 




a 




H 


Me 


Me 


373.1 


++ 


a 


r 

CH3 


H 


H 


Me 


325.1 


+ 



58 



wo 02/064096 



PCTAJS02/04920 





R' 




R" 




m/z (m+1) 
ormpCQ 




WW 


H 


Me 


Me 


339.1 


++ 


WW 


H 


Me 


Me 


361.1 


++ 



EXAMPLE 16 

The compounds listed in Table 3 were piq>ared using the procedures outlined 
in Exanqiles 12-14. Compounds were tested in the CMV assay desoibed above and 
S exhibited the following levels of activity: +,IC5o>SOOnM. 

TABLES 
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JBXAMPJLE 17 




2-(2-indanaiiiino)-4-(2-methyIiinidazoyI)-6-methyl-^ 
5 (17). 2-(2-Ihdanamino)-4-cUoK)-6-me1hyl-5-mtropyrimi (56 mg, 0.184 mmol, 1.0 
equiv) was dissolved in 2.0 mL BtOH followed by the adjdition of 38 mg of 2- 
methylimidazole (0.463 mmol, 2.5 equiv). The resulting yellow solution was placed in an 
80 °C bath and allowed to stir for 24 h. The solution was flien concentrated under 
reduced pressure. Purification by flash chromatography (SiOi, 2% MeOH/CI^Cla) gave 
10 34 mg of the product as an amoiphous yellow solid (0.096 mmol, 52%): mp 203-204 ^C. 

NMR (CDCI3, 400 MHz, mixture of rotamers) 5 7.28-7.13 (m, 5 H), 6.99 
(s, 0,5 H), 6.96 (s, 0.5 H), 6.17 (d, /= 7.9 Hz, 0.5 H), 6.06 (d, 7,3 Hz, 0.5 H), 4.93 (m, 
0.5 H), 4.73 (m, 0.5 H), 3.45-3.34 (m, 2 H), 2.94 (dd, J= 4.8, 16.2 Hz, 1 H), 2.89 (dd, J= 
4.3, 16,0 Hz, 1 H), 2,71 (s, 1.5 H), 2,65 (s, 1.5 H), 2.63, s, 1.5 H), 2.53 (s, 1,5 H); MS: 
15 ESI(+) 351.2 (M + H", rel. abund 100). AnaL calcd for CigH^NA: C, 61.70; H, 5.18; N, 
23.99. Found: C, 61.08; H, 5.22; N, 23.57. 



pXAMPLB^g 



20 




2-(2-indanamino)-4-iniidazoIyI-6-methyI-5-mtropyrimidme (18). 2-(2- 
Indanamino)-4-chloro-6-methyl-5-nitropyrimidine (66.8 mg, 0.219 mmol, 1.0 equiv) was 
dissolved in 2.0 mL EtOH followed by the addition of 37 mg of imidazole (0.543 mmol. 
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2.5 equiv). The yellow solution was heated to 80 "C for 18 h. The solution was then 
concentrated under reduced pressure and purified by flash chromatography (Si02, 2% 
MeOH/CHjCy to give 52. 1 mg of the product as an amorphous yellow solid (0.155 
mmol, 71%): mp 177-178 °C. 
5 'H NMR (CDClj, 400 MHz, mixture of rotamers) 8 8.23 (s, 0.5 H), 8.16 (s, 

0.5 H), 7.28-7.1 1 (m, 6 H), 6.09 (broad s, 0.5 H), 5.91 (d, /= 7.2 Hz, 0.5 H), 4.93 (m, 0.5 
H), 4.79 (m, 0.5 H), 3.40 (dd, 7=7.0, 15.9 Hz, 2 H), 2.91 (dd,/=4.1, 15.8 Hz, 2 H), 2.56 
(s, 1.5 H), 2.46 (s, 1.5 H); ); MS: ESI(+) 337.1 (M + H", rel. abimd 100). Anal, calcd for 
C„H,«N«02: C, 60.71; H, 4.79; N, 24.99. Found: C, 60.29; H, 4.89; N, 24.69. 

10 

EXAMPLE 19 




F 

2-(4,6-difluoro-l-indanamino)-4-iiiiidazoIyl-6-nietfayI-5-nitropyriiiiidine 
(19). 2-(4,6-Difluoro-l-indanamino)-4-chloro-6-methyl-5-nitropyrin3iduie(56mg, 0.164 

1 5 mmol, 1 .0 equiv) was dissolved in 2.0 mL EtOH followed by &e addition of 28 mg 
imidazole (0.41 1 mmol, 2.5 eqtiiv). The solution was heated to 80 "C for 23 h. The 
solution was then concentrated under reduced pressure and purified by flash 
chromatography (SiO^, 2% MeOH/CHjClj) to give 35.5 mg of the product (0.095 mmol, 
58%) as an amorphous yellow solid, mp 175-176 °C. 

20 'H NMR (CDClj, 400 MHz, mixture of rotamers) 8 8.09 (s, 0.5 H), 8.06 (s, 

0.5 H), 7.26-7.10 (m. 2 H), 6.82 (dd, 7.6, 1 1.6 Hz, 1 H), 6.72 (dd, /= 8.8, 8.8 Hz, 1 
H), 5.95 (broad s, 0.5 H), 5.82 (d, 8.4 Hz, 0.5 H), 5.72 (m, 0.5 H), 5.56 (m, 0.5 H), 
3.05 (m, 1 H), 2.87 (m, 1 H), 2.73 (m, 1 H), 2.55 (s, 1.5 H), 2.49 (s, 1.5 H), 1.98 (m, 1 H); 
); MS: ESI(+) 373.1 (M + H*, rel. abtmd 100). Anal, calcd for C,7H,4F2N«02: C, 54.84; 

25 H. 3.79; N, 22.57. Found: C, 54.95; H, 3.76; N, 22.32. 
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EXAMPLE 20 




2-(4,6-difluoro-l-indanaiiiino)-4-(2-meth^iiiiidazofyQ-6-mefliyI-5- 
5 nitropyrimidine^O). 2-<4,6-IMfiuoro-l-indanamiiio)-4H;Uoio-^m6diyl-S- 

nitropyrimidine (56 mg, 0.164 nunol, 1.0 equiv) was dissolved in 2.0 mL EtOH followed 
by the addition of 34 mg 2-methylimidazole (0.414 nunol, 2.S equiv) and die solution was 
heated to 80 with stirring for 26 h. The solution was then concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjClj) to give 42.6 mg 
10 of the product (0.1 10 mmol, 67%) as an amorphous yellow solid, mp 164-165 °C. 

•H NMR (CDCI3, 400 MHz, mixture of rotamers) 5 6.98 (s, 1 H), 6.90 (s, 1 
H), 6.81 (m, 1 H), 6.71 (m, 1 H), 5.87-5.81 (m, 1 H), 5.73 (m, 0.5 H), 5.54 (m, 0.5 H), 
3.05 (m, 1 H), 2.82 (m, 1 H), 2.70 (m, 1 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H), 2.51 (s, 1.5 
H), 2.46 (s, 1.5 H), 1.98 (m, 1 H); ); MS: ESI(+) 387.1 (M +ir, rel. abund 100). Anal. 
15 calcd for C,8H,<f jN^O,: C, 55.96; H, 4.17; N, 21.75. Found: C, 56.15; H, 4.59; N. 
20.71. 

EXAMPLE 21 

20 2-(4,6-diflaoro-l-indanamino)-4K2-etbyfimidazolyl)^ 

nitropyrimidine (21). 2-<4,6-Difluo]x>-l-indaiiamino>4-chlon> -6-mettiyl-S- 
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mtropyrimidiiie (56 mg» 0.164 mmol, 1.0 equiv) was dissolved in 2.0 mL EtOH followed 
by flie addition of 39 mg 2-ethylimidazole (0.406 nunol, 2.S equiv) and the solution was 
heated to 80 ""C for 23.S h. The solution was then concentrated under reduced pressure 
and purified by flash chromatography (SiOj, 2% MeOH/CHjCla) to give 39.6 mg of the 
5 product (0.099 mmol, 60%) as an amorphous yellow solid, mp 88-89 °C. 

NMR (CDCI3, 400 MHz, mixture of rotamers) 5 7.02 (s, 1 H), 6.88 (s, 1 
H), 6.81 (m, 1 H), 6.72 (m, 1 H), 5.85 (d, J= 9.0 Hz, 0.5 H), 5.81-5.70 (m, 1 H), 5.55 (m, 
0.5 H), 3.04 (m, 1 H), 2.86-2.64 (m, 4 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H), 1.98 (m, 1 H), 
1.29 (t, y= 7.5 Hz, 3 H); MS: ESI(+) 401.1 (M + H^, rel. abund 100). Anal, calcd for 
10 QgH^F^NA: C, 57.00; H, 4.53; N, 20.99. Found: C, 56.93; H, 4.50; N, 20.71. 



E?CAMPLE22 




2-(2-jtadanamino)-4-(2-mediylimidazoyl)-6-methyI-5-nit^^ 
15 hydrochloride (22)« 2-(2-&idanamino)-4-cUoio-6-mediyl-5-nitrppyriniidine (310 mg, 
1.02 mmol, LO equiv.) was dissolved in 7 mL BtOH followed by the addition of 600 mg 
2-metfaylimidazoIe (7.31 mmol, 7.19 equiv.). The resulting yellow solution was then 
heated to 80 with magnetic stirring. After 24 h the solution was concentrated under 
reduced pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjClj) to give 
20 303.6 mg of the fi-ee base as a yellow solid (0.867 mmol). The yellow solid was tfien 
dissolved m 3 mL anhydrous THF followed by the addition of 2 mL (8.0 mmol, 9.2 
equiv.) of a 4.0 M solution of HCl in 1,4-dioxane. A precipitate was immediately formed, 
and the resulting slurry was allowed to stir for 10 min. The slurry was then concentrated 
under reduced pressure, taken up in 3 mL THF, and concentrated again. The resulting 
25 yellow solid was recrystallized fix)m hot EtOAc to give 179 mg of the pyridinium 
hydrochloride as light yellow needles (0.462 mmol, 45%). mp 184-185 ""C. 

'H NMR (CD3OD, 400 MHz, mixture of rotamers) 5 7.76 (d, y = 2.2 Hz, 0.5 
H), 7.71 (d, 2.2 Hz, 0.5 H), 7.64 (d, 7= 2.2 Hz, 0.5 H), 7.61 (d, 7= 2,2 Hz, 0.5 H), 
. 7.22 (m, 2 H), 7.15 (m, 2 H), 4.92 (m, 0.5 H), 4.72 (m, 0.5 H), 3.41-3.31 (m, 1 H), 2.97 
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(m, 1 H), 2.73 (8, 1.S H), 2.72 (s, 1.S H), 2.68 (s, 1.5 H), 2.65 (s, 1.5 H). AnaL calcd for 
C,jH,gNA' HCl: C, 55.89; H, 4.95; N, 21.73; CI, 9.16. Found: C, 55.89; H, 5.00; N, 
21.56; CI, 9.14. 

5 EXAMPLE 23 




2-(9>ii-2-ethylcyclohexyIaiiiino)-4-iinidazolyI-6-methyl-5-nitn>pyriii^ 
2-(^y«-2-Ethylcyclohexylamino)-4s;Uoro-6-methyl-5-iiitropyrimidine (58.6 mg, 0.196 
mmol, 1 .0 equiv.) was dissolved in 2.0 mL EtOH followed by the addition of 53 mg 

10 imidazole (0.778 mmol, 4.0 equiv.). The resulting yellow solution was then heated to 80 
°C with magnetic stirring. After 20 h the solution was concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHiCl]) to give 39.5 mg 
of ttie product (0.120 mmol, 61%) as an amorphous yellow solid, mp 123-124 "C. 

*H NMR (CDOj, 400 MHz, mixture of rotameis) 5 8.22 (s, 0.5 H), 8.17 (s, 

15 0.5 H), 7.39-7.27 (m, 2 H), 5.92 (d. 7= 7.8 Hz, 1 H), 4.57 (m, 0.5 H), 4.42 (m, 0.5 H), 
2.65 (s, 1.5 H), 2.61 (m, 1.5 H), 2.02 (m, 1 H), 1.87-1 J4 (m, 10 H), 1.02 (t, y= 7.0 Hz, 3 
H);MS:BSI(+)3312(M+H',reLabundl00). Anal, calcd for C,«EIaNA: C,58.17; 
H, 6.71; N, 25.44. Found: C, 58,01; H, 6.79; N. 25.30. 

20 EXAMPLE 24 

Hie compounds listed in Table 4 were prq>ared using the procedures outlined 
in Examples 17-23. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +, IC50 > 500 nM; ++, 100nM<ICso<500 
nM; -H-f,ICso<100nM. 
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Me 


351.2 


+++ 


6 




H 


Me 


Me 


365.1 


++ 




Me 


Me 


Me 


365.1 


++ 






H 


Me 


Me 


385.1 


+ 
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R" 


R* 


R'' 


m/z (m+1) 
ormpCQ 


IC50 








Me 


Me 


181-182 


++ 


6 


22 


H 


Me 


Me 


203-204 


+ 




18 


H 


H 


Me 


177-178 


+ 


6 




H 


Me 


Me 


353.1 


++ 


F 


21 


H 


Et 


Me 


88-89 


•H- 


F 


19 


H 


H 


Me 


175-176 


++ 
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R" 




K 


PC 

Jx 


JK. 


m/z (m+1) 
or mp ( 


IC50 




20 


H 


Me 


Me 


164-165 


++ 


F 




H 


H 


Me 


189-190 


4+ 


F 


H 


.Et 


Me 


177-178 


•H- 






H 


Me 


Me 


205-206 


++ 


6 


f 


H 


Et 


Me 


187-188 


+ 



4 
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-N 










1 












valz (m+1) 








R* 


R*" 


ormpCQ 


IC50 




H 


H 


Me 


153-154 


++ 




H 


Me 


Me 


140-141 


+++ 




H 


Et 


Me 


158-159 


+f+ 




H 


H 


Me 


178-179 


++ 




H 


Me 


Me 


74-75 


++ 




H 


Et 


Me 


65-66 


++ 
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m/z (m+1) 




R' 




R' 
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ormpCQ 


IC50 




H 


Me 


Me. 
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++ 
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H 
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Me 
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+++ 
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Me 


Me 
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++ 


V 
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Me 


355.1 


+++ 
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Me 


Me 


369.2 


++ 




H 


H 


Me 


367.3 


+ 
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R 


a 


R" 




R" 


m/z (m+1) 
ormpCO 


IC50 






H 


Me 


Me 


3812 


+ 






H 


Bt 


Me. 


365.1 


++ 




pH 
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Me 


Me 


367.3 


^++ 


6 
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Me 
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337.1 


■H- 


6 
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Me 


353.1 


++ 


c 




H 
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Me 


365.1 
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nb 


R 


R 


m/z (m+1) 
ormpCC) 




u 




H 


Me 


Me 


379^ 


++ 


s 




H 


Me 


Me 


367^ 








H 


H 


Me 


371.1 








H 


Me 


Me 


385.2 





EXAMPLE 25 

The compounds provided in this example were prepared using procedures 
outlined above. The starting materials are available as described above, or &om 
5 commercial sources. 
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2<N-2-lraii.^methylcycIohexylainino)-4-(2-methyliiiddazoIyO-6-methyI^^^ 
iiitropyriimdine(25.1). 125mg. 'H NMR (400MHz, CDCI3): 6 0.92(1 .5H.d,J=7.2Hz); 
0.94(1.5H, d, J=7.2Hz); 1.00-1.30(5H, m); 1.31-1.41(1H, m); 1.74-1.82(2H, m); 1.94- 
5 1.96(1H, m); 2.39(1.5H, s); 2.47(1.5H, s); 2.48(1.5H, s); 2.53(1.5H, s); 3.52(0.5H, dq, 
J=4.0, 9.8Hz); 3.69(0.5H, dq, J=4.0, 9.8Hz); 5.86(0.5H, d, J=9.2Hz), 5.98(0.5H, d, 
J=9.2Hz); 6.86(1H, s); 6.93(0.5H, s); 6.95(0.5H, s). MS SEI m/z relative intensity:M+H. 
331.2(100) 



nitropyrimidine (25.2). 85mg. 'H NMR (400MHz, CDCI3): 5 0.93(3H, d, J=7.2Hz); 
1.22-1.41(3H, m); 1.4«-1.68 (4H, m); 1.71-1.78(1H, m); 1.95(1H, m); 2.44(1.5H, s); 
. 2.51(3H, s); 2.57(1.5H, s); 4.13(0.5H, m); 4.28(0.5H, m); 5.68(0.5H, d, J=9.0Hz), 
5.59(0.5H, d, J=9.0Hz); 6.87(1H, s); 6.94(0.5H, s); 6.96(0.5H, s). MS SEI m/z relative 
15 intensity:M+H, 331.2(100) 



2-(N-2-/raitf-methylcyclohexyIamino)-4-liiiidazolyl-6-methyl-5- 
iiitropyrimidliie(25.3). 48mg. 'H NMR (400MHz, CDClj): 5 0.96(3H. d, J=6.5Hz); 
1.11-1.29(3H, m); 1.33-1.39(2H, m); 1.70(1H, m); 1.75.1,83(2H, m) 2.05(1H, dd, J=2.8. 
20 13.4Hz); 2.45(1.5H. s); 2.50(1.5H, s); 3.54(0.5H, dq, J=4.0, 9.8Hz); 3.70(0.5H, dq, J=4.0, 




10 



2-(N-2-<xs-methylcyclohexylamino)-4-(2-methyIiiiudazolyQ-6-methyl-5- 



O 
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9.8Hz); 5.43(0.5H, s), 5.46(0.5H, s); 7.12(0.5H, s); 7.15(0.5H, s); 7.17(0.5H, s); 
7.18(0.SH, s); 8.04 (O.SH, s); 8.08(0.SH, s). MS SEI m/z relative intensityM+H, 
317.2(100) 




5 2-(N-2-d!ir-methylqrdohezyIainino)-4-iiiiidazolyl-6-methyl-5- 

nitropyrimidine (25.4). 62mg. 'H MMR (400MHz, CDQ,): 8 0.93(3H, d, J=72Hz); 
1.22-1.41(3H.m); 1.48-1.68 (4H,m); 1.76-1 .82(lH,m); 1. 94-1. 99(1H, m); 2.48(1. 5H, s); 
2.52(1.5H, s); 4.15(0.5H, m); 4.29(0.5H, m); 5.65(0.5H, d, J=7.6Hz), 5.73(0,5H, d, 
J=7.6Hz); 7.16(1H, s); 7.21(1H, s); 8.04(0.5H, s); 8.10(0.5H, s). MS SEI m/z relative 

10 intensityM+H, 317.2(100) 




2-(N-2-Aiaffs-m^yl-4-cydohexenylaiiiino)-4-iiiiidazolyl-6^methyl-^ 
nftropyrunidine (25.5). 48mg. 'H NMR (400MHz, COa,): 6 0.93(1.SH, d, J^.SHz); 
1.00(1.5H, d, J==6.8Hz); 1.22(1H. m); 1.83-1.88(1H, m); 1.93-2.00(1H, m); 2,12(1H, m) 
15 2.27(1H, m); 2.44(1.5H, s); 2.49(1.5H, s); 3.93(0.5H, dq, J=1.2, 7.2Hz); 4.08(0.5H, dq 
J=1.2, 7.2Hz); 5.51(0.5H, d, J=7.0Hz), 5.60(1 .5H, m); 5.68(0.5H, m); 7.13(1H, s); 
7.16(1H, s); 8.00(0.5H, s); 8.07(0.5H, s). MS SEI m/z relative mtensity:M+H, 315.2(100) 




2-(N-2-cj^methyl-4-Qrcloliexenylaiiiino)-4-iiiiidazolyl-6-mefliyl-5- 
20 nitropyriiiiidine(25.6). 56mg. 'H NMR (400MHz, CDa3):S0.96(3H,d,J»6.8Hz): 
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1^6(1H, m); 1.84-1.92(1H, m); 2.10-2.18(1H, m); 2^7(1H, m) 2.42(1H, m); 2.47(1 JH, 
8); 2.51(1,5H, s); 4.32(0.5H, m); 4.47(0.5H, m); 5.63(1H. s), 5.72(1H, s); 5.79(0.5H, d, 
J=9.0Hz); 5.88(0.5H, d, J=9.0Uz); 7.13(0.5H, s); 7.15(0.5H, s); 7.17(0.5H,s); 7.21(0.5H, 
s); 8.03(0.5H, s); 8.08(0.5H, s). MS SEI m/z relative intensityrM+H, 315.2(100) 



5 




2-(NOnfrajis-methyIcyclohexylamiiio)-4-imidazoIyI-6-methyI-5- 
nitropyrimidine (25.7). 206mg. 'H NMR (400MHz, CDClj): S 0.93(1.5H, d, J=6.5Hz); 
0.96(0.5H,d, J=6.5Hz); 1.01-1.12(lH,m); 1.33-1.41(1H, m); 1.45-1,54(1H, m); 1.60- 
1.83(5H, m); 2.40(1.5H, s); 2.49(1.5H, s); 2.50(1.5H, s); 2.56(1.5H, s); 4.19(0.5H, m); 
10 4.32(0.5H, m); 5.98(0.5H, d, J=6.0Hz), 6.03(0.5H, d, J=6.0Hz); 6.88(1H, s); 6.96(1H, s). 
MS SEI m/z relative intensityM+H, 33 1 .2(100) 




2<N-3-<j$<-methylcydohei^laiiiiiio)-4-iniidazolyl-^-metfayI-6- 
nitropyrimidine (25.8). 62mg. 'H NMR (400MHz, CDCI3): S 0.90(3H, d, JHz); 
15 1.08(1H, m); 1.29-1.38(1H, m); 1.42-1.52(1H, m); 1.60-1.70(1H, m); 1.76(1H, m); 1.92- 
2.03(4H, m); 2.36(1.5H, s); 2.46(1.5H, s); 2.49(1.5H, s); 2.54(1.5H, s); 3.73(0.5H, m); 
3.91(0.5H, m); 6.06(0.5H, bs), 6.22(0.5H, bs); 6.85(1H, s); 6.93(1H, s). MS SEI m/z 
relative mtensity:M+H, 331.2(100) 




20 2-cycIohexyIammo-4-(2-methylimidazolyl)-6-metliyl-5-nitropyrimidine 
(25.9), 43mg. 'H NMR (400MHz, CDClj): 8 1.39(2H, m); 1.53(2H, m); 1.74(2H. m); 

75 



wo 02/064096 PCT/US02/04920 

1.90(2H, m); 2.15(2H, m); 2.58(1.5H, s); 2.65(1.5H, s); 2.67(1.5H, s); 2.72(1.5H, s); 
3.95(0.5H, m); 4.10(0.5H, m); 5.68(0.5H, d, J=4.0Hz), 5.79(0.5H, d. J=4.0H2); 7.03(1H, 
s); 7.12(1H, s). MS SEI m/z relative mteii!iity:M+H, 317.2(100) 




2-cyclohezyImethyaiiiiuo-4-iiiddazolyl-6-methyI-S-idtropyrii^ 
(2iS.10). 43mg. 'HM^(400MH2,CDCl3):8 0.93-l.03(2H,m);1.12-1.28(3H,m); 
1.50-1.61(1H, m); 1.53-1.80(5H. m); 2.44(1.5H, s); 2.50(1JH. s); 3.31(2H, dt, J=6.5, 
24Hz); 5.88(0.5H, bs); 6.40(0.5H, bs); 7.10(0.5H, s); 7.13(1.5H. s), 7.19(0.5H, s); 
8.07(1H, s). MS SEI m/z relative intensity^M+H, 317.2(100) 




2-<cycIohexylmethyI)aiiiiDO-4-CS-metliyIimidazoIyl)-6-methyI-5- 

nitropyrimidine (25.11). 43mg. 'HNMR (400MHz, CDCI3): 5 0.96(2H, m); 1.14- 
1.30(4H, m); 1.55(1H, m); 1.67(1H, m); 1.67-1.80(5H, m); 2.39(1.5H, s); 2.47(1,5H, s); 
2.49(1.5H, s); 2.54(1.5H, s); 3.25(0.5H, t, J=6.3Hz); 3.35(0.5H, t, J=6.3Hz); 6.02(1H, bs), 
6.86(1H, s); 6.95(1H, s). MS SEI m/z relative intensity:M+H, 331.2(100) 

2-qrclopentylainino^2-metfayUinidazolyQ-6-methyI-5-iiitropyriiiiidfaie 
(25.12). 25mg. 'H NMR (400MHz, CDa,): 5 1.21(1H, m); 1.49(1H, m); 1.60-1.78(4H, 
m); 2.38(1.5H, s); 2.47(1.5H, s); 2.55(1.5H. s); 4.21(0.5H, m); 4.37(0.5H, m); 5.86(0.5H, 
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d. J=4.2Hz); 5.98(0.5H, d, J=«4.2Hz); 6.86(1H, s); 6.95(1H, s). MS SEI miz relative 
intensity:M+H, 303.2(100) 



10 



5 



H' 

2-(N-(4-methyI<7cIohexyI)aiiiino)-4-imidazol^6-methyl-5- 
nitropyrimidine (25.13). 28mg. 'H NMR (400MHz, CDCI3): 5 1.03(1.5H, d, J=6.2Hz); 
1.06(1.5H,d, J=6.2Hz); 1.08(lH,m); 1.15-1.28(lH,m); I.30-1.42(2H, m); 1.43-1.55(1H, 
m); 1.70-1.84(4H, m); 1.85-1.96(2H, m); 2.18(1H, m); 2.54(1.5H. s); 2.64(3H, s); 
2.69(1,5H, s); 3.84(0.5H, m); 4.02(0.5H, m); 5.97(0.5H, bs), 6.1 1(0.5H, bs); 7.01(1H, s); 
7.10(1H, s). MS SEI m/z relative intensi1y:M+H, 331.1(100) 

EXAMPLE 26 

This example illustrates the synthesis of two salts of Compound 1, according 
to the route shown in Figure 16. 

OH CI CI 

HaCr^y^OH HaC'^j^CI acOH HaCr'y^OH 

NO2 NO2 E^OH 



15 

26.1 2-chloro-4-hydroxy-6-methyl-5-nitropyriiiiidiEe (7), A 5 L flask 
was charged with tetraethylammoniiun chloride (590 g) which was then heated at 60 
under vacuum for 22 h to remove any water. The flask was then charged with 3 L 
anhydrous CH3CN, 2,4-dihydroxy-6-methyl-5-ni1ropyrimidine (295 g, 1.724 mol, 1.0 

20 equiv.), dimethylaniline (221 mL, 2.98 mol, 1.74 equiv.), and 1 L POCI3 (18.5 mol, 10.73 
equiv,). The flask was equipped with a condenser and the temperature was increased to 
80 °C under Nj. After stirring for 29 h the hot black solution was poured onto 14 L ice 
and allowed to stir for 30 min while a yellow precipitate formed. The suspension was 
filtered, and the solid was washed 3 x 1.0 N HCl to give 247.3 g of dichloropyrhnidine 

25 product. The aqueous solution fix>m the filtration was extracted (3 x CHjCy, dried 
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(Na2S04) and concentrated under reduced pressure. The resulting gjceea oil was purified 
via flash chromatography (SiOj, 1:1 hexanesiCHjCy, and the resulting light green solid 
was crystallized fix>ni hot hexanes. The oystals were washed with hexanes to give an 
additional 63.58 g of the yellow product. The combined yield of the dichloropyrimidme 
5 product was 310.88 g (1.495 mol, 87%). 

The dichloropyrimidine prepared in the manner described above (150.0 g, 721 
nunol) was dissolved in 3 L EtOH and cooled to 0 °C. In a separate flask were combined 
910 mL HjO, 922 mL AcOH, and 90 g NaOAc. The aqueous solution was then added 
dropwise to the dichloride solution via dropping funnel over a period of 2 h. The solution 

1 0 was allowed to stir for 24 h by which time a light yellow precipitate was formed. The 
solid product was filtered off and the aqueous solution was set aside. The solid product 
was washed (3 x 200 mL EtOH) to give 70.3 g of the product as a fluffy light yellow 
solid. The aqueous solution was receded to 0 °C followed by the addition of an 
additional 140 g dichloropyrimidine (673 mmol) and 84.5 g NaOAc. The resulting slurry 

15 was allowed to stir a further 24 h, at which time an additional 120.87 g of product was 
obtained via filtration as above. The remaining aqueous solution was allowed to stir at 0 
for an additional 24 h, followed by filtration as above to give an additional 24.03 g 
. product Total product recovered was 215.2 g (1.135 mol, 79%) as a white solid: mp 
242-244 (dec); IR (KBr) 3349, 1657, 1600, 1507, 1419, 1352, 1276, 1188, 1100, 998, 

20 945, 799. 696, 624 cm-1; »H NMR (CDCI3, 400 MHz) 6 1.53 (s, 3 H); ESI-MS m/z 212.0 
(M+Na^. 

DEtOH „ 

^ ^ OH ^"^'^V^OH 

2) NaBH4 ^ 6H3 

26.2 N-Benzyl-L-alaninoI (2). (S)-2-Aminopropanol (300 g, 3.994 mol, 1.0 
equiv.) was dissolved m 3.0 L of anhydrous EtOH in aS Lthreeneckflask under Nj. 

25 Benzaldehyde (406.05 mL, 3.994 mol, 1 .0 equiv.) was added in one portion, and the 
slightly warm solution was allowed to stir for 2.5 h. The solution was th^ cooled to 0 
in an ice bath, followed by the addition of 196.5 g NaBH4 (5.194 mol, 1 .3 equiv.) over a 
period of 20 min. After stining for 20 h 52 1 mL HjO was added via addition fiumel over 
a period of 60 min. The resultiag white sluny was then diluted with 3.0 L CH2CI2 and 

30 stirred for an additional 5 h. The slurry was then filtered, and flie solids were washed 
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with three portions of C^C^lj. The clear solution obtained fiom die filtration was then 
concentrated under reduced pressure to a volume of ~800 mL. Hie solution was thai 
diluted with 2 L HjO, ^tracted (3 x 1 .4 L CBtCIj). dried (Na2S04), and concentrated 
under reduced pressure to give a thick colorless oil, which quickly crystallized upon 

5 standing. The \^te solid was triturated with 1.0 Lhexanes, filtered, and washed with 
hexanes (3 x 500 mL) to give the pure product as a white solid 648.65 g (3 .926 mol, 
98%): mp 39-40 *C; [a]\ = +38.5° (c = 1.04, MeOH); IR (KBr) 3293, 3060, 3024, 
2957, 2911, 2844, 1495, 1453, 1380, 1347, 1149, 1061, 965, 935, 873, 779, 746, 699, 611 
cm-'; 'H NMR (CDCI3, 400 MHz) 5 7.32 (m, 3 H), 7.26 (m, 2 H), 3.88 (d, /= 12.8 Hz, 1 

10 H). 3.75 (d, J= 12.8 Hz, 1 H), 3.61 (dd, J= 4.0, 10.6 Hz, 1 H), 3.28 (dd, / = 7.0, 10.6 Hz, 
1 H), 2.86 (ddddd, J= 4.0, 6.6 x 3, 6.9 Hz, 1 H), 1.78 (broad singlet, 2 H), 1.10 (d, J= 6.2 
Hz, 3 H); ESI-MS m/z 166.2 (100, M+ff). AnaL Calcd for C,oH,jNO: C. 72.68; H, 9.15; 
N.8.48. Found: C, 72.85; H, 9.06; N, 8.55. 



H 

6H3 

2 



15 

26.3 SS-N-Benaylmorpholin-S-one (4). A 12 L three neck flask 
equipped wifh mechanical stiira: was charged wifh 648.65 g of N-benzyl-Lralaninol 
(3.926 mol, 1.0 equiv.) and 4.0 L CH2CI2 . The solution was cooled to -iO °C in a 
mefhanoHce bafh followed by fiie addition of 547 mL EtgN (3.926 mol, 1.0 equiv.). 

20 Qiloioacetyl chloride (312.2 mL, 3.926 mol, 1.0 equiv.) was dissolved in 700 ooL CH2CI2. 
and the chloride solution was added dropwise via addition funnel resulting in a cloudy tan 
solution. The solution was stirred for 1 h, and was tiien diluted with 3 L H2O. After 
stirring rapidly for 5 min, the layers were separated, and tiie water layer was extracted (3 x 
700 mL CH2CI2). The combined organics were washed (1 x 2 L H^O), dried (500 g 

25 Na2S04), and concentrated under reduced pressure to give amide 3 as a light red viscous 
oil, which was used direcfly in the cyclization step. 

A 12 L flask equipped with a reflux condenser and mechanical stirrer was 
charged witii 94.22 g NaH (3.92 mol, 1.0 equiv., Aldrich 95%) followed by 3.0 L 
anhydrous THF. The 2-chloroamide fiom above was dissolved in 3.0 L anhydrous THF 
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and transfetred via cannula to the NaH solution ov^ a p^od of 25 min. The slurry was 
then slowly heated to 65 over 60 min. After stirring for 4.5 h at reflux, the sodium 
hydride was ttien quenched by tihie slow addition of 100 mL HjO in 100 mL THF via 
dropping fiinnel. The heating mantle was then removed, and the reaction was allowed to 

5 cool down with stirring overnight The majority of the THF was removed under reduced 
pressure, and the resulting slurry was diluted with 3 L CHjClj. The solid salts were 
filtered off, washed (3 x CHjCy, and discarded. The resulting clear solution was diluted 
with 3 L HjO, and extracted (5 x 700 mL CHCI3). The combined organics were dried 
(Na2S04 ), and concentrated under reduced pressure. Pinification by flash 

10 chromatography (SiOj, 1 00% CH2CI2 to 5% MeOH/CH^Cy gave the product as a 

colorless oil 594.92 g (2.90 mol, 74%). [ar]^D = -90 ^ (c = 1.0, MeOH); *H NMR (CDCI3, 
400 MHz) 6 7.36-7.24 (m, 5 H), 5.38 (d, J - 15.4 Hz, 1 H), 4.29 (d, J = 16,5 Hz, 1 H), 
4.23 (d, J = 16.8 Hz, 1 H), 3.97 (d, J = 15.0 Hz, 1 H), 3.75 (dd, J = 3.3, 11.7 Hz, 1 H), 
3.64 (dd, J = 3.3, 11.7 Hz, 1 H), 3.56 (m, 1 H), 1.28 (d, J = 6.2 Hz. 3 H); ESI-MS m/z 

15 206.1 (100, M+H^, 228.2 (45, M+Na^. Anal. Calcd for C,fi,^02: C, 70.22; H, 7.37; 
N, 6.82. Found: C, 70.16; H, 7.39; N, 6.83. 

^Y^? LiAlKi f^O 

^ CH3 ^ CH3 



26.4 3S«*N-Benzyl-3-methyImorpholine (5). A 12 L three neck flask 
20 equipped with mechanical sturing device, heating mantle, and reflux cond^er was 
charged with 220.14 g 95% LiAlH4 (5.80 mol, 2.0 equiy.) followed by 5.2 L anhydrous 
THF under Nj. The gray slurry was allowed to stir for 30 min. The N-Benzyhnoipholin- 
3-one 4 (594.92 g, 2.90 mol, 1.0 equiv.) was dissolved in 2 L THF, and added via 
addition funnel over the course of 3.5 h. The solution was then heated to reflux and 
25 aUowed to stir at reflux for 19.5 h. The solution was tfien cooled to rt, followed by the 
careful addition of 220 mL HjO in 665 mL THF via addition funnel over a period of 14 h. 
When all evolution of gas was stopped, 220 mL 15% NaOH was added, followed by 660 
mLHjO. The white slurry was then stirred for 56 h. The slurry was filtered tiirougji a 
fritted funnel, and the solids were washed (5 x 600 mL EtjO). The clear ethereal solution 
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was then concentrated under reduced pressure to give ttie product as a colorless oil 509.04 
g (2,66 mol, 92%). [afo +94.5^ (c = 1.10, MeOH);*H NMR (CDCI3 , 400 MHz) 5 
7.22-7.35 (m, 5 H), 4.06 (d, J = 13.2 Hz, 1 H), 3.72 (m, 2 H), 3.59 (ddd, J = 2.6, 10.3, 
11.3 Hz, 1 H), 3.31 (dd, J = 9.2, 1 1.3 Hz, 1 H), 3.14 (d, J = 13.5 Hz, 1 H), 2,59 (ddd, J = 
2.6, 2.9, 12.1 Hz, 1 H), 2.49 (m, 1 H), 2.19 (ddd, J = 3.3, 9.9, 12,1 Hz, 1 H), 1.09 (d, J = 
6.2 Hz, 3 H); ESI-MS m/z 192.2 (100, M+H"). Anal. Calcd for C^Hi^NO: C, 75.35; H, 
8.96; N, 7.32. Found: C, 75.48; H, 8.96; N, 7.23. 



Ph. 



aH2. Pd/C 
HN^ 

5 ^'^3 g CH3 



10 26.5 3S-3-MethylmorphoIine (6). 3S-N-Benzyl-3-methyl-nioipholine 

(130.0 g, 680 mmol, 1.0 equiv.) was dissolved in 200 mL EtOH and transferred to a Parr 
vessel. 10,0 g of Pd/C (10 wt % Pd) was added, and die Parr flask was sealed and 
subjected to hydrogenation on a Parr shaker at 62 PSL Hydrogen pressure was adjusted 
periodically throughout the hydrogenation to maintain 60 PSL After 44 h, the 

15 hydrogenation was stopped and the vessel was purged with nitrogen. The solution was 
filtered tturough a plug of Celite, and the ethanolic solution was used directly in the next 
st^. 




7 8 



20 26.6 2-(3S-3-methylmorpholino)-4-hydroxy-6-methyl.5- 

nitropyrimidine (8). To the ethanolic solution of 3S-3-methyknoipholine 6 prepared 
above (--680 mmol, 3.2 equiv.) m a 1 L flask under Nj was added 2-chloro-4-hydioxy-6- 
methyl-5-nitropyrimidine (40.0 g, 21 1 mmol, 1.0 equiv.) and 17.30 g anhydrous NaOAc 
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(21 1 mmol, 1 .0 equiv.). The fia^ containing the light yellow slunry was equipped with a 
condenser and placed into a preheated oil bath at 80 °C. After 24 h an additional 17.3 g 
NaOAc (21 1 nunol, 1 .0 equiv.) and 35.0 g potassium iodide (21 1 nunol, 1 .0 equiv.) was 
added to the bright orange slurry. After heating for an additional 21 h the flask was 

5 removed and tiie solution was allowed to cool to rt The suspension was then filtered, and 
the solids were washed (3 x 50 mL EtOH). The combined ethanol solution was then 
concentrated to -100 mL under reduced pressure and diluted with 0.5 N HCl until the pH 
was ~2. The solution was extracted (3 x 500 mL CHjClj), washed with 1 .0 N HCl, dried 
(NajSOJ, and concentrated under reduced pressiure to give the crude yellow soUd 

10 Purification via flash chromatography (SiOj, 2-4% MeOH/CHjClj ) gave the product as a 
yellow soUd 40.86 g (160.8 mmol, 76%): mp 179-180 *^C; [afo +135.P (c = 1.04, 
MeOH); IR (KBr) 3439, 3121, 2976, 2861, 1669, 1577, 1506, 1389, 1336, 1263, 1136, 
1067, 982, 915, 846, 796 cm-1; NMR (CDCI3, 400 MHz) S 7.37 (d, J = 3,7 Hz, 1 H), 
4.72 (m, 1 H), 4.45 (m, 1 H), 4,02 (dd, J = 3.7, 1 1.4 Hz, 1 H), 3,80 (d, J = 12.1 Hz, 1 H), 

15 3.67 (dd, J = 2.9, 1 1.7 Hz, 1 H), 3.53 (ddd, J = 2.9, 1 1.7, 12.1 Hz, 1 H), 3.36 (ddd, J = 3.7, 
12.8, 13.5 Hz, 1 H), 2.58 (s, 3 H), 1.59 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 255.1 (100, 
M+H+), Anal. Calcd for CioH^JNA: C, 47.24; H, 5.55; N, 22.04. Found: C, 47.14; H. 
5.48; N, 22.15. 



nitropyrimidine (9). A 1 L flask containing the nitropyrimidine 8 prepared above (39.99 
g, 157.4 mmol, 1 .0 equiv.) was charged with 250 mL POCI3 under N2 . The flask was 
equipped with a condenser and placed in a preheated 80 ''C bath with stirring. The sluny 
slowly dissolved over a period of 50 min, and the yellow solution was then removed fix>m 
25 the bafli, and POCla was rraioved under reduced pressure in a rotary ev^rator with a 
bath temperature of 60 ^C. The resulting yellow oil was purified via flash chromatography 
(SiOj , 10 to 50% EtOAc/Hexanes) to give 40.24 g of the product (147.9 mmol, 94%) as a 




8 



26.7 



2-(3S-3-met]iylmorpboIino)-4-chloro-6-mefhyl-5- 
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yellow oil. [tfro=+144.6*(c = 1.03,MeOH);'HNMR(CDCl,,400MHz)54.76(in, 1 
H), 4.44 (m, 1 H), 3.99 (dd, J = 4.0, 11.7 Hz, 1 H), 3.78 (d, J » 11.7 Hz, 1 H), 3.65 (dd, J 
= 3.3, 1 1.7 Hz, 1 H), 3.51 (ddd, J = 2.9, 1 1.7, 12.4 Hz, 1 H), 3.32 (ddd, J = 4.0, 12.4, 13.9 
Hz, 1 H), 2.45 (s, 3 H), 1.34 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 273.0 (100, M+H+). 



0. o 

^N'^"'CH3 ^N'^"'CH3 

NO2 NO2 w 

9 1 

26.8 2<3S-3-mefliylmorplioIino)-4-(iiiiidazoI-l-y0-4{-methyI-5- 
nitropyrimidine (1). The cUoropyrimidine 9 prepared above (40.04 g, 147.2 mmol, 1.0 
equiv.) was dissolved in 300 mL anhydrous EtOH followed by the addition of 30.07 g 

10 imidazole (441 .6 mmol, 3.0 equiv.) under Nj. The flask was equipped with a condenser 
and placed in a preheated 80 "C ba& with magnetic stirring. After stirring for 75 min the 
solution was cooled to rt and concentrated under reduced pressure. Purification via flash 
chromatography (SiOj , 2-4% MeOH/CHjCy gave the product as a yellow oil. Upon 
standing the oil oystallized to give a yellow solid which was triturated with hexanes, 

15 filtered, and waslied (3 x hexanes) to give 40.53 g (133.3 mmol, 91%) of the product as 
yellow crystals: mp = 74-75 "C; [afj, = +152.6" (c = 1.03, MeOH); IR (KBr) 3116, 
2972, 2855, 1586, 1482, 1443, 1329, 1315, 1239, 1205, 1129, 1074, 1007, 897, 844, 773, 
739, 650 cm-1; 'H NMR (CDCI3, 400 MHz) 8 8.10 (s, 1 H), 7.21 (m, 1 H), 7.17 (m, 1 H), 
4.80 (m, 1 H), 4.48 (m, 1 H), 4.02 (dd, J = 3.7, 1 1.7 Hz, 1 H), 3.80 (d, J = 1 1.7 Hz, 1 H), 

20 3,68 (dd, J = 3.3, 1 1 .7 Hz, 1 H), 3.52 (ddd, J = 2.9, 1 1 .7, 12.1 Hz, 1 H), 3.36 (ddd. J = 3.7, 
12.9, 13.5 Hz, 1 H), 2.53 (s, 3 H), 1.38 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 305.1 (100, 
M+H+). Anal. Found for C,jH,jNA:C, 51.31; H, 5.30; N, 27.62. Found: C, 51.47; H, 
5.30; N, 27.79. 
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H3C' 




-rrs 

NO2 W 



N02 w 



N "'CH3 'phSOgH 




1 



26.9 



Compound l*PhSO, salt, (2-(3S-3-methylmorphoIino)-4- 



(iiiiidazol-l-yI)-6-methyI-5-iiitropyrimidine benzenesulfonate). A 250 mL flask was 
5 charged with 1 (39.88 g, 131.1 mmol, 1.0 equiv.) and 100 mL EtOH xmderNj. The 

suspension was heated to 50 "C until evoything dissolved. Benzenesulfonic acid hydrate 
(20.81 g, 131.1 nunol, 1.0 equiv.) was added via spatula, and additional EtOH was used 
to wash the all of the solids into the flask (5 mL). Hexane (20 mL) was added to the 
solution, which was then stiiied Tq)idly for 5 min. Oystals b^an to fonn within the first 

10 5 min after stilling was st(q>ped, and the flask was aUowed to cool to rtovonight The 
oystals yMch formed overnight woe filtered and washed (5 x 50 mL BtOIQ to give the 
product besylate salt 51.988 g (112.4 mmol, 86%): Yellow crystals mp 184.5 "C; [oI^'d 
« +115.6* (c = 1.00, MeOH); IR(BCBr) 3442, 3129, 2985, 2862, 1597, 1546, 1529, 1490, 
1443, 1317, 1231, 1182, 1123, 1072, 1014, 892, 846, 786, 727, 612,564 cm-1; 'HNMR 

15 (400 MHz, CD3OD) 8 9.52 (s. 1 H), 7.93 (s, 1 H), 7.81 (m, 2 H), 7.42 (s, 1 H), 7.44-7.37 
(m, 3 H), 4.94 (m, 0.5 H), 4.74 (m, 0.5 H), 4.62 (m. 0.5 H), 4.62 (m, 0.5 H), 4.01 (m, 1 
H), 3.79 (m, 1 H), 3.67 (dd. J= 3.3, 11.8 Hz, 1 H), 3.53 (ddd, J = 2.8, 11.3, 12.3 Hz, 1 H). 
3.42 (ddd, J = 3.6, 12.8, 13.2 Hz, 1 H), 2,68 (s, 3 H), 1.36 (d, J = 6.9 Hz, 3 H). Anal. 
Calcd for C.jH.gNsOj'CWsS: C, 49.34; H, 4.79; N, 18.17; S, 6.92. Found: G. 49.30; 

20 H, 4.75; N, 18.22; S, 6.97. 



HgC" 




H3C 




'CH3 •p.MePhSOgH 



1 
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26.10 Compound 1* p-MePhSO, salt, (2-(3S-3-methylmorphoIino)-4* 
(imidazol-l--yI>-6-mettiyl-5-nitropyriinidine p-tolnenesulfonate). A 25 mL flask was 
charged with 822 mg 1 (2 JO mmol, LO equiv.) and 3 mL CI^Clj, followed by die 
addition of 5 14 mg (2.70 mmol, 1.0 equiv.) p-toluenesulfonic acid mono hydrate. 1 .S mL 
5 hexanes was added and the clear solution was allowed to sit overnight. The solution was 
then concentrated under reduced pressure and taken up in 3 mL EtOAc whereupon a 
yellow solid precipitated out The yellow solid was filtered, and washed (3x1:1 
hexanesiEtOAc) to give 1.202 g. The yellow solid was recrystalhzed fiom 5:1 
CHCl3:hexanes to give 1.078 g of product (2,26 mmol, 84%) salt after filtration and 

10 washing (2 x 1:1 CHCl3:hexanes): mp 168-169 ^C; [a]% = +104.9^ (c = 1.05, MeOH); IR 
(KBr) 3128, 2981, 2858, 1595, 1544, 1526, 1442, 1317, 1227, 1184, 1123, 1030, 1007, 
683, 562 cm-1; NMR (400 MHz, CD3OD) 6 9.53 (s, 1 H), 7.94 (m, 1 H), 7.74 (m, 1 
H), 7.69 (d, J = 8.4 Hz, 2 H), 7.21 (d, J = 8.4 Hz, 2 H), 4.94 (m, 0.5 H), 4.75 (m, 0.5 H), 
4.62 (m, 0.5 H), 4.41 (m, 0.5 H), 3.99 (m, 1 H), 3.80 (m, 1 H), 3.67 (dd, J = 2.9, 1 1.7 Hz, 

15 1 H), 3.53 (ddd, J = 2.6, 11.7, 12.1 Hz, 1 H), 3.41 (ddd, J = 3.7, 12.5, 13.6 Hz, 1 H), 2.68 
(s, 3 H), 236 (s, 3 H), L37 (d, J = 7.0 Hz, 1 H). Anal. Calcd for C,^,^fi^*Cflfi^S: C, 
50.41; H, 5.08; N, 17.64; S, 6.73. Found: C, 49.88; H, 4.75; N, 18.23; S, 6.91. 

All publications and patent spplications cited in this specification are h^in 
incorporated by reference as if each individual publication or patent ^plication were 

20 specificaUy and individuaUy indicated to be incorporated by referrace. Alffaougibthe 
foregoing invention has been described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be readily apparent to those of ordinary 
skill in the art in light of the teachings of tiiis invention that certain changes and 
modifications may be made tiiereto without departing fix>m tiie spnit or scope of the 

25 q)pended claims. 
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WHAT IS CLAIMED IS: 



1 1. A method of treating or preventing a disease associated with CMV 

2 infection, comprising 

3 administering to a subject in need thereof a therq)eutically effective amount 

4 of a compound of formula (I): 

X 



5 




6 I 

7 wherein 

8 X is a member selected ftom the group consisting of -NR'R*, -0R^ -SR^ aryl, 

9 alkyl and arylalkyl; 

10 Y is a member selected fit)m the group consisting of a covalent bond, -N(R*)-, 

1 1 -0-, -S-, -C(=0)- and alkylene; 

12 and R^ are members independently selected fiom the gioiq> consisting of 

13 hydrogen, alkyl, -0-alkyl,-S-alkyl, aryl, aiylalk^ 

14 C(0)R', <:0^'\ -C(0)NR'R* -N(R^)C(0)R', -N(R^CO^", -N(R')C(0)NR^«, 

15 -S(0) JIR^», -S(0)^^ -CN, halogen, and -N(R^S(0)Jl"; 

16 R'andR^ are members independently selected from the group consisting of 

17 hydrogen, alkyl, aryl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 

18 containing from one to three heteroatoms in the ring; 

19 is a membOT selected from the group consisting alkyl, aryl, arylalkyl and 

20 bicyclic fiised aryl-cycloalkyl; 

21 is a member selected from the group consisting of hydrogen, alkyl, aryl 

22 and arylalkyl; or is combined with R^ and the nitrogen atom to which R^ and R* are 

23 attached to form a 5-, 6-, 7- or 8-membered ring; 

24 R^ and R^ are members independently selected from the group consisting of 

25 hydrogen, alkyl, aryl and arylalkyl, or, combined to form a 4-, 5-, 6-, 7- or 8-membered 

26 ring containing from one to three heteroatoms in the ring; 
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27 and R^^ are meii)ba:s independently selected fiom the group consisting of 

28 hydrogen, alkyl, aryl and aiylallgrl; 

29 R^^ is a member selected fiom the groi^ consisting of alkyl, atyl and 

30 arylalkyl; 

31 misaninteg^offioml to2; 

32 n is an mtegerof fiom 1 to 3; and 

33 optionally, a 5-, 6-, 7- or 8-member ring is formed by joining R* to R^ R' to 

34 R\ R' to N^ R^ to ISP, R^ to N', orR' to N'; 

35 with the proviso that when Y is a bond, then R^ is other than an imidazole 

36 ring. 

1 2. The method ofClaiml,wheremR4s selected fix>m the group 

2 consisting of -NOj, -S(0)J«l^*, -S(0)„R^ -CN, fluoroalkyl, <XO)K\ -COjR" and 

3 -C(0)NR^^ and R^ is selected fix>m the group consisting of hydrogen, alkyi, -O-alkyl, 

4 -S-alkyl, aryl, arylalkyl, -O-aryl and -S-aryl . 

1 3. The method of Claim 1, wherein X is -NR^R*, Y is selected fix)m the 

2 group consisting of -N(R% -O- and -S-, R^ is selected &om the group consisting of 

3 -C(0)R', -C(0)NR'k«. -S(0)«R', -S(0)J^R^^ 'COjR}\ -CN, fluoroalkyl and -NO^, and 

4 RMs a memb^ selected fix)m tiie group consisting of hydrogen, alkyl, -O-alkyl and 

5 halogen. 



1 4. The method of Claim 1, wherein R' is selected fiom the group 

2 consisting of -CF3, -S(0) JflEl^^ -CO^R^ -CN and -NO2, and R^ is selected fiom the 

3 groi^) consisting of hydrogen, (lower)alkyl, -0-(lower)alkyl and -S-(lower)alkyL 

1 5. The mettiod of Claim 1, wherein Y is -N(R*^)- or -0-, R' is -NOj, and R^ 

2 is hydrogen or (CpC4)alkyl. 

1 6. The method of Claun 1, wherein R^ is joined to R* to form a S- 

2 membered ring, together with the nitrogen to which both radicals are attached: 

1 7. The method of Claim 6, wherein said S-membered ring contains two 

2 nitrogen atoms. 
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1 8. The method of Claim 7, wherein said S-membered ring is an imidazole 

2 ring. 

1 9. The method of Claim 1 , wherein Y is -N(R*)-, in which R* is hydrogen 

2 or lower alkyl, and is a member selected from the group consisting of alkyl, aryl, 

3 aiylalkyl and bicyclic fused aryl-cycloalkyl. 

1 10. The method of Claim 1 , wherein R^ is selected fix)m the group 

2 consisting of cycloalkyl, heterocycloalkyl, aryl, arylalkyl and bicyclic fused aiyl- 

3 cycloalkyl, R^ is selected from the group consisting of hydrogen, methyl, ethyl and 

4 propyl, and -NR^R^ is selected from the group consisting of imidazoH-yl, 2- 

5 methylimidazol-lyl, 2-ethylimida2oH-yl, 2-(l-propyl)knidazol-l-yl and 

6 2-(2-propyl)imidazoH-yl. 

1 11. The mefliod of Claim 1 , wherein R^ is selected from the group 

2 consisting of hydrogen, methyl and ethyU -NR'R'* is selected from the group consistmg of 

3 iniidazol*l-yl, 2-methylimidazol-lyl, 2,4-dimethylimida2X)l-l-yl and 2-ethylimidazoM- 

4 yl, and R^ is an optionally substituted radical selected from the group consisting of 
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5 




6 12. The method of Claim 1, v^faerein is a member selected fiom ibis 

7 group consisting of: 
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1 3. The method of Claim 1, said conqraund having the foimula: 




90 



wo 02/064096 



PCT/US02/04920 



1 14. The method of Claim 13, wherein R'^ is methyl. 

2 F 

1 IS. The method of Claim 1, said con:q)omid having the formula: wherein 

2 R'^ is selected fiom the group consisting of hydrogen, methyl and ethyl; and 

3 R^ and R^ are combined with the nitrogen atom to which R^ and R^ are 

4 attached to form a heterocycloalkyl ring. 

1 16. The method of Claim IS, said con^und having the formula: 

2 

3 wherein 

4 R" is selected fiom the groq> consisting of hydrogen, methyl and e&yl; and 

5 R^ and R^ are combined wifli the nitrogen atom to which R^ and R^ are 

6 attached to form a heterocycloalkyl ring. 

1 17. The method of Claim 16, wherein said heterocycloalkyl ting is selected 

2 from the group consisting of substituted or unsubstituted 1-piperidinyl, substituted or 

3 unsubstituted 4-morpholinyl and substituted or unsubstituted l-pyrrolidinyl. 

1 1 8. The method of Claim 1 6 wherein R" is hydrogen and R^ and R^ are 

2 combined with the nitrogen atom to which R^ and R*^ are attached to form a substituted or 

3 unsubstituted 4-morpholinyl. 

1 19. The method of Claim 18, wherein R^ and R^ are combined with the 

2 nitrogen atom to which R^ and R^ are attached to form a monosubstituted 4-morpholinyl, 

3 said substituent beii^ selected fiom the ffoup consisting of (C,-C4)alkyl. 
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1 20. The method of Claim 19, wherein said compound is selected from the 

2 group consisting of 



3 M e O ^^^^"^ 

1 21 . The mefliod of Claim 1 , wherein said disease associated with CMV 

2 infection is cardiovascular disease. 

1 22. The method of Claim 2 1 wherein said cardiovascular disease is selected 

2 from the group consisting of atherosclerosis and restenosis. 

1 23. The method of Claim 21, wherdm said compound is administered in 

2 combination with a therapeutically effective amount of an agent selected from the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 

1 24. Hie method ofClaim 23, wherein said antiviral agent is selected fiom 

2 tiie group consisting of ganciclovir, valganciclovir, acyclovir, foscamet, cidofovir and 

3 fomivirsen. 

1 25. Hie method of Claim 1, wherein said disease associated with CMV 

2 infection is organ transplant rejection or a pathology associated with organ 

3 transplantation. 

1 26. The method of Claim 25, wherein said organ transplant rejection is 

2 selected from the group consisting of allograft rejection and xenograft rejection. 

1 27. The method of Claim 25, wherein said compound is administered in 

2 combination with an immunosuppressant agent. 

1 28. The method of Claim 1 , wherein said administering is oral. 
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1 29. The method of Claim 1, wherein said administering is topical. 

1 30. The method of Claim 1, herein said administering is parenteral. 

1 3 1 . A method of treating a disease selected fiom the group consisting of 

2 cardiovascular disease, oigan transplant rejection^ organ transplant-associated 

3 atherosclerosis and a pathology associated with organ transplantation, comprising 

4 administering to a subject in need thereof a tiierapeutically effective amount 

5 of a compound of formula (I): 



6 




7 I 

8 wherein 

9 X is a member selected from the groiq) consisting of -NR^R*, -OR^ -SR^ aryl, 

10 alkyl and arylaUgrl; 

11 Y is a member selected from the ffovp consisting of a covalent bond, *NCR^-, 

12 -S-, -C(=0)- and alkylene; 

13 R' and R^ are members indq)endently selected fiom the group consisting of 

14 hydrogen, alkyl, -0-alkyl, -S-alkyl, aiyl, arylalkyl, -0-aiyl, -S-aiyl, -NO^, -NR^', - 

15 C(0)R^ -CO^'\ -C(0)NR'R' •N(R')C(0)R', .N(R^)C02R", -N(R^C(0)NR'R', 

16 -S(0)JNR'R\ -S(OXR^ -CN, halogen, and -N(R^S(0)JI"; 

17 R^ and R^ are members independently selected from the group consisting of 

1 8 hydrogen, alkyl, aryl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 

19 containing from one to three heteroatoms in the ring; 

20 R^ is a member selected from the group consisting alkyl, aryl, arylalkyl and 

21 bicycUc fused aryl-^ycloalkyl; 

22 R^ is a member selected from the group consisting of hydrogen, alkyl, aryl 

23 and arylalkyl; or is combined with R^ and the nitrogen atom to which R^ and R^ are 

24 attached to form a 6-, 7- or 8-membered ring; 
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25 and are members independently selected from the group consisting of 

26 hydrogen, alkyl, aiyl and arylalkyl, or, combined to form a 4-, 5-, 6-, 7- or 8-membered 

27 ring containing from one to three heteroatoms in the ring; 

28 R' and R'° are members indep^ently selected from the group consisting of 

29 hydrogen, alkyl, aiyl and arylalkyl; 

30 R" is a member selected from the group consisting of alkyl, aryl and 

31 arylalkyl; 

32 m is an integer of from 1 to 2; 

33 n is an integer of from 1 to 3; and 

34 optionally, a 5-, 6-, 7- or 8-member ring is formed by joining R* to R^, R^ to 

35 R^ R^ to N^ R' to N^ R' to , or R^ to ; 

36 with the proviso that when Y is a bond, then R^ is other than an imidazole 

37 ring. 

1 32. The method of Claim 3 1 , wherein R^ is selected from the group 

2 consistmg of -NO^, -S(0) -S(0) Jl^ -CN, fluoroalkyl, -C(0)R^ -COjR'^ and 

3 -C(0)NR^' and R^ is selected from flie group consisting of hydrogen, alkyl, -0-alkyl, 

4 -S-alkyl, aryl, arylalkyl, -O-aiyl and -S-aryl . 

1 33. The method of Claim 31, wherein X is -NR^R\ Y is selected from the 

2 groiq) consistmg of -NCR*^, -O- and -S«, R' is selected from the group consisting of 

3 -C(0)R^ .C(0)NR^*, -S(0)JR^ .S(0)„^«l^^ -CO^*^ -CN, fluoroalkyl and -NOj, and 

4 R^ is a member selected from the group consisting of hydrogen, alkyl, -0-alkyl and 

5 halogen. 

1 34, The method of Claim 31, wherein R* is selected from the group 

2 consisting of -CF3, -8(0) JSfR^R', -COjR*^ -CN and -NOj, and R^ is selected from the 

3 group consisting of hydrogen, (lower)alkyl, •0-(lower)alkyl and -S-(lower)alkyL 

1 35. The method of Claim 31, wherein Y is -N(R^)- or -O-, is -NOj, and 

2 R^ is hydrogen or (Ci-C4)alkyL 

1 36. The method of Claim 31, wherein R^ is joined to R^ to form a 5- 

2 membered ring, together with the nitrogen to which both radicals are attached. 
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1 37. The method of Claim 36, wherein said 5-membered ling contains two 

2 nitrogen atoms. 

1 38. The method of Claim 37, wherein said S-membered ring is an imidazole 

2 ring. 

1 39. The method of Claim 3 1, wherein Y is -N(R^-, in which is hydrogen 

2 or lower alkyl, and is a member selected fiom the group consisting of alkyl, aryl, 

3 arylalkyi and bicyclic fused aryl-cycloalkyl. 

1 40. The method of Claim 3 1 , wherein R^ is selected from the groiq) 



2 consisting of cycloalkyl, heterocycloaIkyl» atyl, aiylalkyl and bicyclic fiised aryl- 

3 cycloalkyU R^ is selected from the groqp consisting of hydrogen, mefliyl, ethyl and 

4 propyl, and -NR^R^ is selected fiom the group coiisistmg of imidazol-l-yl, 2- 

5 methylimidazoHyl, 2-ethylimidazol-l-yl, 2-(l-propyl)imidazoH-yl and 

6 2-(2-pn)pyl)imidazol-l-yl. 

1 41 . The method of Claim 31, wherein R** is selected from the group 

2 consisting of hydrogen, methyl and ethyl, -NR^R'* is selected from the group consisting of 

3 imidazoH-yl, 2-methylimidazol-lyl, 2,4-dimethylimidazoH-yl and 2-ethylimidazoH- 

4 yl, and R^ is an optionally substituted radical selected from the group consisting of 
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1 42. The me&odofClaim 31, whraeinR^ is a member selected from the 

2 group consistiiig of: 
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CO' . oc" - C^^ ■ 

43. The mdhod of Claim 31, said compoimd having the fonnuUu 

wherein 

R^^ is a member selected from the group consisting of hydrogen, methyl and 

efliyl; and 

is a m^ber selected from the group consisting of: 
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PH 






and 



1 44. The method of Claim 43, wherein R" is methyl. 

1 45. The method of Claim 1 , said compound having the formula: 

2 

3 wherein 

4 R^^ is selected fix>m the group consisting of hydrogen, methyl and ethyl; and 

5 R^ and R* are combined with the nitrogen atom to which R^ and R^ are 

6 attached to form a hetenx^cloalkyl ring. 

1 46- The method of Claim 45, said compound having the formula: 

N N^CHa 

2 . R« 

3 wherein 

4 R*^ is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R^ and R* are combined with the nitrogen atom to which R^ and R^ are 

6 attached to form a heterocycloalkyl ring. 
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1 47. The method of Claim 46, wherein said heterocycloalkyl ring is selected 

2 fiom the group consisting of substituted or unsubstituted 1-piperidinyl, substituted or 

3 unsubstituted 4-motpholmyl and substituted or unsubstituted 1-pyirolidinyl. 

1 48. The method of Claim 46 wherein R*^ is hydrogen and and R* are 

2 combined with the nitrogen atom to which R^ and R^ are attached to form a substituted or 

3 unsubstituted 4-morpholinyl. 

1 49. The method of Claim 48, wherein R" is hydrogen, R* and R** are 

2 combined with the nitrogen atom to which R^ and R^ are attached to form a 

3 monosubstituted 4-morpholinyl, said substituent being selected fix>m the group consisting 

4 .of(CrC4)alkyl. 

1 SO. The method of Claim 49, wherein said compound is selected from tiie 

2 group consisting of 

Q Q 

^ • PhSOaH ^ • p-MePhSOsH 

3 O O 

1 51. The method of Claim 3 1 , wherein said compound is administered in 

2 combination with a therapeutically effective amount of an agent selected fiom the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 

1 52. The method of Claim 5 1 , wherein said antiviral agent is selected from 

2 the group consisting of ganciclovir, valganciclovir, acyclovu:, foscamet, cidofovir and 

3 fomivirsen. 

1 53 . The method of Claim 3 1 , wherein said compound is administ^ied in 

2 combination with an inmiunosiq)pressant agent 
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1 54. The method of Claim 31, wherein said disease is organ transplant 

2 rejection is selected jSrom the group consisting of allograft rejection and xenograft 

3 rejection. 

1 55. The method of Claim 3 1 , wherein said administering is oral. 

1 56. The method of Claim 31, wherein said adnunistering is topical. 

1 57. The method of Claim 3 1 , wherein said administering is parenteral. 

1 58. The method of Claim 31, wherein said disease is a cardiovascular 

2 disease selected from the group consisting of athersclerosis or restenosis. 

1 59. The method of Claim 3 1 , wherein said disease is organ transplant- 

2 associated atherosclerosis. 
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